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In the management of gram-negative infection... 


AZACTAM® FOR INJECTION 
Aztreonam For Injection 


DESCRIPTION-AZACTAM (aztreonam, Squibb) is the first member of a new class 
of antibiotics classified as monobactams. AZACTAM is a totally synthetic bacterici- 
dal antibiotic with activity against a wide spectrum of gram-negative aerobic 
pathogens. The monobactams, having a unique monocyclic beta-lactam nucleus, 
are structurally different from other beta-lactam antibiotics. 

AZACTAM For Injection is a sterile, nonpyrogenic, sodium-free, white to yellowish- 
white lyophilized cake, containing approximately 780 mg arginine per gram of aztre- 
onam for intramuscular or intravenous use following constitution. Aqueous solutions 
of the product have a pH in the range of 4.5-7.5. 


INDICATIONS AND USAGE-Before initiating treatment with AZACTAM, appropriate 
specimens should be obtained for isolation of the causative organism(s) and for de- 
termination of susceptibility to aztreonam. Treatment with AZACTAM may be started 
empirically before results of the susceptibility testing are available; subsequently, ap- 
propriate antibiotic therapy should be continued. 

AZACTAM For Injection is indicated for the treatment of the following infections 
caused by susceptible gram-negative microorganisms: Urinary Tract Infections 
(complicated and uncomplicated), including pyelonephritis and cystitis (initial and 
recurrent) caused by Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis, 


Pseudomonas aeruginosa, Enterobacter cloacae, Klebsiella oxytoca*, Citrobacter ` 


species* and Serratia marcescens*. Lower Respiratory Tract Infections, including 
pneumonia and bronchitis caused by Escherichia coli, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Haemophilus influenzae, Proteus mirabilis, Enterobacter 
species and Serratia marcescens*. Septicemia caused by Escherichia coli, Klebsiella 
pneumoniae, Pseudomonas aeruginosa, Proteus mirabilis*, Serratia marcescens* and 
Enterobacter species. Skin and Skin-Structure Infections, including those asso- 
ciated with postoperative wounds, ulcers and burns caused by Escherichia coli, 
Proteus mirabilis, Serratia marcescens, Enterobacter species, Pseudomonas aerugi- 
nosa, Klebsiella pneumoniae, and Citrobacter species*. Intra-abdominal Infections, 
including peritonitis caused by Escherichia coli, Klebsiella species, including K. 
pneumoniae, Enterobacter species including E. cloacae*, Pseudomonas aerugi- 
nosa, Citrobacter species* including C. freundii* and Serratia species* including S. 
marcescens*. Gynecologic Infections, including endometritis and pelvic cellulitis 
caused by Escherichia coli, Klebsiella pneumoniae*, Enterobacter species* includ- 
ing E. cloacae*, and Proteus mirabilis*. 

AZACTAM is indicated for adjunctive therapy to surgery in the management of in- 
fections caused by susceptible organisms, including abscesses, infections compli- 
cating hollow viscus perforations, cutaneous infections and infections of serous 
surfaces. AZACTAM is effective against most of the commonly encountered gram- 
negative aerobic pathogens seen in general surgery. 


Concurrent Therapy-Concurrent initial therapy with other antimicrobial agents and 
AZACTAM is recommended before the causative organisms(s) is known in seriously 
ill patients who are also at risk of having an infection due to gram-positive aerobic 
pathogens. If anaerobic organisms are also suspected, therapy should be initiated 
using an antianaerobic agent concurrently with AZACTAM. Certain antibiotics (e.g., 
cefoxitin, imipenem) may induce high levels of beta-lactamase in vitro in some gram- 
negative aerobes such as Enterobacter and Pseudomonas species, resulting in an- 
tagonism to many beta-lactam antibiotics including aztreonam. These in vitro findings 
suggest that such beta-lactamase inducing antibiotics not be used concurrently 
with aztreonam. Following identification and Susceptibility testing, appropriate an- 
tibiotic therapy should be continued. 


CONTRAINDICATIONS-Aztreonam is contraindicated in patients with known allergy 
to this antibiotic. 


WARNINGS-Pseudomembranous colitis has been reported with nearly all anti- 
bacterial agents, including aztreonam, and may range in severity from mild to life- 
threatening. Therefore, it is important to consider this diagnosis in patients who 
present with diarrhea subsequent to the administration of antibacterial agents. 

Treatment with antibacterial agents alters the normal flora of the colon and may 
permit overgrowth of clostridia. Studies indicate that a toxin produced by Clostridium 
difficile is one primary cause of “antibiotic-associated colitis.” 

After the diagnosis of pseudomembranous colitis has been established, therapeutic 
measures should be initiated. Mild cases of pseudomembranous colitis usually re- 
spond to drug discontinuation alone. In moderate to severe cases, consideration 
should be given to management with fluids and electrolytes, protein supplementa- 
tion, and treatment with an oral antibacterial drug effective against C. difficile (e.g., 
vancomycin). Careful inquiry should be made for a history of hypersensitivity reac- 
tion to any antibiotic or other drugs. Antibiotics should be given with caution to any 
patient who has had some form of allergy, particularly to drugs. It is recommended 
that patients who have had immediate hypersensitivity reactions (e.g., anaphylactic 
or urticarial) to penicillins and/or cephalosporins should be followed with special care. 
If an allergic reaction to aztreonam occurs, discontinue the drug and institute sup- 





*Efficacy for this organism in this organ system was studied in fewer than ten infections. 


SQUIBB © 1997 E.R. Squibb & Sons, Inc., Princeton, NJ 


Azactam instead. 


aztreonam 





portive treatment as appropriate (e.g., maintenance of ventilation, pressor amines, 
antihistamines, corticosteroids). Serious hypersensitivity reactions may require 
epinephrine and other emergency measures. 


PRECAUTIONS-General: In patients with impaired hepatic or renal function, ap- 
propriate monitoring is recommended during therapy. If an aminoglycoside is used 
concurrently with aztreonam, especially if high dosages of the former are used or if 
therapy is prolonged, renal function should be monitored because of the potential 
nephrotoxicity and ototoxicity of aminoglycoside antibiotics. The use of antibiotics 
may promote the overgrowth of nonsusceptible organisms, including gram-positive 
organisms and fungi. Should superinfection occur during therapy, appropriate mea- 
sures should be taken. 


Carcinogenesis, Mutagenesis, Impairment of Fertility-Carcinogenicity studies in 
animals have not been performed. Genetic toxicology studies performed in vivo and 
in vitro with aztreonam in several standard laboratory models revealed no evidence 
of mutagenic potential at the chromosomal or gene level. Two-generation reproduction 
Studies in rats at daily doses up to 20 times the maximum recommended human dose, 
prior to and during gestation and lactation, revealed no evidence of impaired fertil- 
ity. There was a slightly reduced survival rate during the lactation period in the off- 
spring of rats that received the highest dosage, but not in offspring of rats that 
received five times the maximum recommended human dose. 


Pregnancy-Pregnancy Category B: Aztreonam crosses the placenta and enters the 
fetal circulation. Studies in pregnant rats and rabbits, with daily doses up to 15 and 
5 times, respectively, the maximum recommended human dose, revealed no evidence 
of embryo- or fetotoxicity or teratogenicity. No.drug induced changes were seen in 
any of the maternal, fetal or neonatal parameters that were monitored in rats receiving 
15 times the maximum recommended human dose of aztreonam during late gesta- 
tion and lactation. There are no adequate and well-controlled Studies in pregnant 
women. Because animal reproduction studies are not always predictive of human 
response, aztreonam should be used during pregnancy Only if clearly needed. 


Nursing Mothers-Aztreonam is excreted in breast milk in concentrations that are 
less than 1% of concentrations determined in simultaneously obtained maternal 
serum; consideration should be given to temporary discontinuation of nursing and 
use of formula feedings. 


Pediatric Use—Safety and effectiveness have not been established in infants and children. 


ADVERSE REACTIONS-Local reactions such as phlebitis/thrombophlebitis follow- 
ing IV administration, and discomfort/swelling at the injection site following IM ad- 
ministration occurred at rates of approximately 1.9% and 2.4%, respectively. Systemic 
reactions (considered to be related to therapy or of uncertain etiology) occurring at 
an incidence of 1 to 1.3% include diarrhea, nausea and/or vomiting, and rash. 
Reactions occurring at an incidence of less than 1% are listed within each body sys- 
tem in order of decreasing severity: Hypersensitivity-anaphylaxis. Hematologic—pan- 
cytopenia, neutropenia, thrombocytopenia, anemia, leukocytosis, thrombocytosis. 
Gastrointestinal-abdominal cramps; rare cases of C. difficile-associated diarrhea, in- 
cluding pseudomembranous colitis, or gastrointestinal bleeding have been reported. 
Onset of pseudomembranous colitis Symptoms may occur during or after antibiotic 
treatment (see WARNINGS). Dermatologic—purpura, erythema multiforme, urticaria, 
exfoliative dermatitis, petechiae, pruritus, diaphoresis. Cardiovascular-hypotension, 
transient ECG changes (ventricular bigeminy and PVC). Respiratory—one patient ex- 
perienced flushing, chest pain, and dyspnea. Hepatobiliary-hepatitis, jaundice. 
Nervous System-seizure, confusion, vertigo, paresthesia, insomnia, dizziness. 
Musculoskeletal—muscular aches. Special Senses-tinnitus, diplopia, mouth ulcer, al- 
tered taste, numb tongue, sneezing and nasal congestion, halitosis. Other—vaginal 
candidiasis, vaginitis, breast tenderness. Body as a Whole-weakness, headache, 
fever, malaise. 


Adverse Laboratory Changes-Those reported without regard to drug relationship 
during Clinical trials were: Hepatic—elevations of AST (SGOT), ALT (SGPT), and al- 
kaline phosphatase; signs or symptoms of hepatobiliary dysfunction occurred in less 
than 1% of recipients (see above). Hemic-increases in prothrombin and partial 
thromboplastin times, eosinophilia, positive Coombs test. Renal-increases in serum 
creatinine. 


OVERDOSAGE-If necessary, aztreonam may be cleared from the serum by hemodial- 
ysis and/or peritoneal dialysis. 


DOSAGE AND ADMINISTRATION-Dosage adjustments are recommended for pa- 
tients with impaired renal function. In elderly patients, estimates of creatinine clear- 
ance should be obtained and appropriate dosage modifications made if necessary. 


HOW SUPPLIED-AZACTAM For Injection (Aztreonam For Injection)—Lyophilized-is 
supplied in single-dose 15 mL vials containing 500 mg, or 1 g/vial; in single-dose 
30 mL vials containing 2 g/vial; and in single-dose 100 mL intravenous infusion bot- 
tles containing 500 mg or 1 g or 2 g/bottle. 


Consult package insert before prescribing AZACTAM (aztreonam). (J4-231C) 


681-510 Issued: April 1991 





May 1991 


Vol. 213 No.5 





Annals of 
= Surgery 


CONTENIS 


SCIENTIFIC PAPERS 


Long-term Results of Coronary Bypass Surgery: Analysis of 1698 Patients Followed 
EO e a E E E ee eee 377 
At 20 years of follow-up, 93% of patients were asymptomatic or improved after surgery and 75% had one or 

more patent grafts. The major determinants of survival were age, extent of coronary disease, ventricular 

quality, preoperative stroke, or congestive failure. 


Gerald M. Lawrie, M.D., George C. Morris, Jr., M.D., and Nan Earle, B.S. 
Houston, Texas 


> 

gS *s 
fe: = 
-= Fg + 

$., ees 








Intraoperative Identification of Cardiac Patients at Risk to Develop Postoperative Atrial 
EEE OR eee een errr. roe ys ee 388 
A new intraoperative electrophysiologic screening test was developed to identify cardiac surgical patients at 

risk for postoperative atrial fibrillation (AF). Postoperative AF occurred in 18 of 50 patients studied (36%), 

17 of whom had inducible atrial fibrillation (sensitivity = 0.94). These data show that this new intraoperative 

technique may be used to identify patients at risk for postoperative atrial fibrillation. 

James E. Lowe, M.D., Paul J. Hendry, M.D., Steven C. Hendrickson, M.D., and Randall Wells, B.S. 

Durham, North Carolina 


Heart Transplantation in Children ................ 00. cece cece eee cence eee ene e eee ne ees 393 


Orthotopic cardiac transplantation has been performed in 15 consecutive neonates and children, with 12 
operative survivors and no late deaths. In younger patients, monitoring for rejection is performed with serial 
echocardiography, and steroids are not administered routinely. All long-term survivors are asymptomatic, 
fully active, and have excellent potential for rehabilitation. 

Walter H. Merrill. M.D., William H. Frist, M.D., James R. Stewart, M.D., Robert J. Boucek, M.D., 

Debra A. Dodd, M.D., Theodore E. Eastburn, M.D., and Harvey W. Bender, Jr., M.D. 

Nashville, Tennessee 


Brush Border Transport of Glutamine and Other Substrates During Sepsis and 

a ee ere S eR ere eT 401 
In endotoxin-treated rats and in septic patients, brush border transport of glutamine and other substrates was 
diminished significantly. These impairments appear to occur secondary to a decrease in transporter synthesis. 


Rabih M. Salloum, M.D., Edward M. Copeland, M.D., and Wiley W. Souba, M.D., SC.D. 
Gainesville, Florida 


Novel Therapy for the Treatment of Human Carcinoid ..............sss5ssssrrrrrsrrrsrnn 411 
Various novel treatments for inhibiting carcinoid tumor growth are described using a functioning human 

pancreatic carcinoid line established in this laboratory. 

B. Mark Evers, M.D., Stephen C. Hurlbut, M.D., Stephen K. Tyring, M.D., PH.D., 

Courtney M. Townsend, Jr., M.D., Tatsuo Uchida, B.S., and James C. Thompson, M.D. 

Galveston, Texas 


dal dilati 


ve ee 


Authorization to photocopy items for internal or personal use, or the Clearance Center (CCC) Transactional Reporting Service, provided that 
internal or personal use of specific clients, is granted by J. B. Lippincott the base fee of $00.80 per copy, plus $00.05 per page is paid directly to 
Company for libraries and other users registered with the Copyright CCC, 21 Congress St., Salem, MA 01970. 0003-4932/91 $00.80 + $00.05. 


Der > PRITE e FTE 
._ Fez fr [Fg 


= ae 


m m eeyore 


May 1991 Vol. 213, No. 5 


CONTENTS 


Continued 


Ruptured Aneurysm of the Descending Thoracic and Thoracoabdominal Aorta: Analysis 
According to Size and Treatment 54 ............6.c00iccessectéseccaecseckeralchecoathtec... 417 
In 117 patients treated for descending thoracic or thoracoabdominal aortic aneurysm, acute rupture was 

confirmed at operation. The overall early (30-day) survival rate was 89 of 117 patients (76%). Aneurysmal 

size could be determined in 86 patients and was <10 cm in 52 (65%), contradicting opinions that thoracic 


aneurysms rupture only when =10 cm. Because elective operation is associated with 92% survival, it is 
offered when aneurysm size is >5 cm before the onset of aneurysm rupture. 


E. Stanley Crawford, M.D., Kenneth R. Hess, M.S., Evan S. Cohen, M.D., Joseph S. Coselli, M.D., 
and Hazim J. Safi, M.D. 


Houston, Texas 


The Influence of Severity of Spinal Cord Ischemia in the Etiology of Delayed-onset 
O EN E NN y T) | la 427 


Evaluating Quality, Cost-effective Health Care: Vascular Database Predicated on Hospital 
Discharge Abstracts 


and Ellen J. MacKenzie, PH.D. 
Nashville, Tennessee; and Baltimore, Maryland 


True Ablation of Atheromatous Plaques with Laser Energy: A Phase I Safety Study ........ 440 
A pulsed dye laser system with a 2-mm fiberoptic catheter incorporating an angioscope was used for 
recanalization of occluded arteries. The success of recanalization was determined by plaque composition. 


M. Kathleen Reilly, PH.D. M.D., Malcolm O. Perry, M.D., and Lillian B. Nanney, PH.D. 
Nashville, Tennessee 


Evolution of Renal Insufficiency in Ischemic Nephropathy .................................. 446 


A retrospective study is presented that examines the rate of deterioration of renal function for the 6 months 
before and after renal revascularization in a group of 58 patients with ischemic nephropathy. A salutary 
effect of operation on the level of renal function and its rate of deterioration were seen when the collected 
data for the entire group were evaluated. 


Richard H. Dean, M.D., Reid W. Tribble, M.D., Kimberley J. Hansen, M.D., Elizabeth O’Neil, M.D., 
Timothy E. Craven, M.S.P.H., and John F. Redding II, B.S. 
Winston-Salem, North Carolina 


Femoral-Distal Bypass with In Situ Greater Saphenous Vein: Long-term Results Using 
BMS VRPVNOTOING oii. EE scons ccccccccce. 457 
Experience with 440 infrainguinal reconstructions using the in situ greater saphenous vein is described. 


Long-term graft patency and limb salvage rates support preference for this method of revascularization, 
particularly to levels below the popliteal artery. 


Magruder C. Donaldson, M.D., John A. Mannick, M.D., and Anthony D. Whittemore, M.D. 
Boston, Massachusetts 


| io. <> = el = eee rae! ahs « pa alle A = oP pare ir Sas IAE E a ete i 


May 1991 Vol. 213, No. 5 
Continued 
Poisonous Snakebite in Central Texas: Possible Indicators for Antivenin Treatment ......... 466 


Review of poisonous snakebite in central Texas reveals that species of snake and age of patient may be 
indicators for antivenin treatments. 

Raleigh R. White IV, M.D., and Robert A. Weber, M.D. 

Temple, Texas 


Limb Salvage Versus Traumatic Amputation: A Decision Based on a Seven-part 

Dedica Cine ob ee i ean ws bores 6a Sages ods vs gel eae ie een pean 473 
A limb salvage index is decided by evaluating all organ systems injured. Positive correlation based on the 

index is seen in all 70 limbs evaluated. 

William L. Russell, M.D., David M. Sailors, M.D., Thomas B. Whittle, M.D., Daniel F. Fisher, Jr., M.D., 


and R. Phillip Burns, M.D. 
Chattanooga, Tennessee 


Prehospital Hypertonic Saline/Dextran Infusion for Post-traumatic Hypotension: 
yg ee A aaa i iA re re a 482 


Small volume hypertonic saline/Dextran solution followed by routine prehospital resuscitation was safe and 
had no survival advantage when compared to routine resuscitative fluids alone. 

Kenneth L. Mattox, M.D., Peter A. Maningas, M.D., Ernest E. Moore, M.D., James R. Mateer, M.D., 

John A. Marx, M.D., Charles Aprahamian, M.D., Jon M. Burch, M.D., and Paul E. Pepe, M.D. 

Houston, Texas; Rapid City, South Dakota; Denver, Colorado; and Milwaukee, Wisconsin 


Management of Penetrating Colon Injuries: A Prospective Randomized Trial ............... 492 


Fifty-six patients with penetrating colon injuries were entered into a randomized prospective study 
comparing primary repair or resection and anastomosis with diversion. The results suggest that virtually all 
patients with penetrating civilian colon trauma can be managed safely by primary repair. 

Charles W. Chappuis, M.D., Daniel J. Frey, M.D., Charles D. Dietzen, M.D., Thomas P. Panetta, M.D., 
Kennan J. Buechter, M.D., and Isidore Cohn, Jr., M.D. 

New Orleans, Louisiana 


Please see the January 1991 issue for the complete Notice to Contributors and Subscribers. 





1 








~ 2 


a 
ik X £ sae A h 
H DERRE 
25 


1990 





Indispensable tools for 


Journal. of Interet to 


Pr P ki 
r 
Ka 
CET ee — 
A p> sae: “i f 
t er ay Yy 
B Ai + ¥ » 
PEN í 
' 
vr 
~ 4 raz P 
= 
=r Fag 






maintaining professional competency 


Cancer 


A Journal of the American Cancer Society, Inc. 

Jonathan E. Rhoads, M.D., Editor 

Nearly 21,000 physicians worldwide turn to Cancer for the latest 
information on the progress being made in the study and treatment 
of cancer. Twice each month this unique and highly informative 
journal publishes original articles covering the full range of concerns 
related to the diagnosis and treatment of the various forms of cancer. 
It covers such topics as surgical and medical treatment, pathology, 
Statistics, education and experimental work. Published twice monthly 
$95.00 per year in the U.S.A. 


Ca-A Cancer Journal for Clinicians 
A Journal of the American Cancer Society, Inc. 
Gerald P. Murphy, M.D., Editor-in-Chief 


One of the oldest cancer journals worldwide, Ca publishes original 
peer-reviewed articles, usually of a review nature, on all aspects of 
cancer management. Written for the clinician in primary care, 
oncology, and related specialties, these articles are both invited and 
unsolicited. The January/February issue features Cancer Statistics: 
the November/December issue contains the Annual Index. Published 
bimonthly. Free of charge through local American Cancer Society 
offices in the U.S.A. Outside the U.S.A., available to individuals by 
subscription through J. B. Lippincott, $60.00 per year. 


A205911 


Annals of Surgery 


Official Publication of The American Surgical Association, 

The Southern Surgical Association, Philadelphia Academy of 
Surgery, and the New York Surgical Society 

David C. Sabiston, Jr., M.D., Chairman, Editorial 

and Advisory Board 

Annals of Surgery—the world’s oldest exclusively surgical 
journal—has provided the medical community with reports on 
significant contributions to the advancement of surgical science 
and practice for over 100 years. Its 20,000 subscribers find it a 
practical way to keep up-to-date with important developments in 
surgery. Published monthly. $65.00 per year in the U.S.A. 


Oncology Times 

Robert C. Young, M.D., Editor-in-Chief 

Each month this recently redesigned, four-color newspaper keeps 
cancer specialists up-to-date on the latest in diagnosis, treatment, 
clinical trials, basic research and the vital political and economic 
issues in cancer care. It features hard-hitting editorials, special 
reports, news of grants, promotions, awards and an oncology 
meeting planner. Published monthly. $60.00 per year in the U.S.A. 





J.B. Lippincott 


A Wolters Kluwer Company 


227 East Washington Square 
Philadelphia, PA 19106-3780 





rOy TO ORDER. . .Call us TOLL FREE (USA except AK) 1-800-638-3030. 


pee L) L 
GG 


June 1991 ! 
ji Ant als O 


CONTENTS 


PRESIDENTIAL ADDRESS 


A Surgical Perspective: s65.2. cedad hep enina E A unt desk pws ennui oes eae eins 499 


Michael E. DeBakey, M.D. 
Houston, Texas 


SCIENTIFIC PAPERS 


Pelvic Fracture from Major Blunt Trauma: Outcome Is Determined by Associated 
JELE a hee T oa cede Nat reason to oul T ae hae ee EEE E E E ed eens erates 532 


Pelvic fractures can be a severe injury, but more are relatively minor and are associated with other injuries of 
moderate severity. Complex pelvic fractures occur in seriously injured accident victims but are infrequently 
the major determinant of outcome. Pelvic fractures are a marker of injury severity; although massive 
hemorrhage from pelvic vessels may occur, most deaths are caused by associated i Injuries to the head, chest, 
or abdomen. 


Galen V. Poole, M.D., E. Frazier Ward, M.D., Farid F. Muakkassa, M.D., Henry S. H. Hsu, PH.D., 


John A. Griswold, M.D., and Robert S. Rhodes, M.D. 
Jackson, Mississippi 


Factors Affecting Morbidity Following Hepatic Trauma: A Prospective Analysis of 
SD INOS saa ce ky es end heh eo E me ated ue aad oe honed 540 


Omental packing is the preferred method of management for complex liver injuries; gauze packing yields 
highly acceptable results in the exsanguinating patient when the packs are removed early. Sump drainage 
produces significantly increased morbidity and should be avoided. Although not statistically significant, 
closed suction drainage consistently results in fewer complications than no drainage. 


Timothy C. Fabian, M.D., Martin A. Croce, M.D., Gregory G. Stanford, M.D., Lynda W. Payne, R.N., 


Eugene C. Mangiante, M.D., Guy R. Voeller, M.D., and Kenneth A. Kudsk, M.D. 
Memphis, Tennessee 


A Circulating Factor(s) Mediates Cell Depolarization in Hemorrhagic Shock. ............... 549 
In rats subjected to hemorrhagic shock, one or more substances appear in blood promptly and are capable of 

lowering the transmembrane potential of many target cells from many species, including humans, in vitro. 

The substance has a high molecular weight; and its effect appears to o be receptor mediated, independent of 

hypoxia in the target cell and distinct from TNF and PAF. 


John A. Evans, PH.D., Daniel N. Darlington, PH.D., and Donald S. Gann, M.D. 
Baltimore, Maryland 


Distribution and Survival of Escherichia coli Translocating from the Intestine 

After Thermal Injury ......... 0.0.00 ccc cece ec cece ene ence eee eneneenneevetenneeeas 558 
Widespread translocation of bacteria and endotoxin occurs within | hour of major thermal injury in mice. 

The amount of translocation is grossly underestimated by measuring bacterial counts in tissues. 


J. Wesley Alexander, M.D., SC.D., Luca Gianotti, M.L., Tonyia Pyles, B.S., Mark A. Carey, M.S., 
and George F. Babcock, PH.D. 
Cincinnati, Ohio 














Authorization to photocopy items for internal or personal use, or the Clearance Center (CCC) Transactional Reporting Service, provided that 
internal or personal use of specific clients, is granted by J. B. Lippincott the base fee of $00.80 per copy, plus $00.05 per page is paid directly to 
Company for libraries and other users registered with the Copyright CCC, 21 Congress St., Salem, MA 01970. 0003-4932/91 $00.80 + $00.05. 


June 1991 i | ; Vol. 213, No. 6 


CONTENTS 


Continued 


Propranolol Diminishes Extremity Blood Flow in Burned Patients ............ ena be guess 568 
Beta adrenergic blockade has been advocated in attempts to normalize the tachycardia associated with 

postburn hypermetabolism. Intravenous propranolol acutely reduces extremity perfusion yet plasma lactate 
concentrations decrease. This demonstrates that peripheral perfusion is not a principal determinant of 

plasma lactate levels. 

Dennis C. Gere, M.D., Darcy Honeycutt, M.D., Farook Jahoor, PH.D., Robert E. Barrow, PH. D., 

Robert R. Wolfe, PH.D., and David N. Herndon, M.D. 

Galveston, Texas 


Prophylactic Use of High-frequency Percussive Ventilation in Patients with 

Inhalation jury ociciosyosriceriieno tra Ee TA E NE A E E EA AAS 575 
Prophylactic high-frequency percussive ventilation was used in 54 patients with severe inhalation injury. 

Compared to standard predictors and a historical control, this therapy significantly reduced the incidence of 

pneumonia and death associated with this insult. 

William G. Cioffi, Jr., M.D., Loring W. Rue HI, M.D., Theresa A. Graves, M.D., William F. McManus, M.D., 

Arthur D. Mason, Jr., M.D., and Basil A. Pruitt, Jr., M.D. 

San Antonio, Texas 


Long-term Results of Pectoralis Major Muscle Transposition for Infected 
Sternotomy Wounds .............00 000.0 cece ccc ccc c eee e een eneeueeneuseuaeucenennenes 583 - 


Long-term follow-up of patients with infected median sternotomy wounds managed by debridement and 
muscle transposition demonstrates that approximately 25% of patients will return with recurrent infection. 
Recurrence is directly related to persistent infection of cartilage, bone, or retained foreign bodies. 

Peter C. Pairalero, M.D., Phillip G. Arnold, M.D., and John B. Harris, M.D. 

Rochester, Minnesota 


Identification, Characterization, and Quantitation of Soluble HLA Antigens in the 

Circulation and Peritoneal Dialysate of Renal Patients ................0. 0. 0c gece cece eee e ees 591 
Human HLA class I and class II antigens and B} microglobulin were identified and purified from end-stage 

renal disease patients’ peritoneal dialysis fluid and sera. Class I antigens were consistently associated with B, 
microglobulin and were immunosuppressive in mixed lymphocyte culture reaction. 

Frank B. Gelder, PH.D., John C. McDonald, M.D., Michael D. Landreneau, M.D., Robert M. McMillan, M.D., 

and Donnie F. Aultman, M.D. 

Shreveport, Louisiana 


Nonpalpable Invasive Breast Cancer -.. 0.0.0.0... nanu ccc cee ec ccc cc cece cece eee eeneeeeeneee 600 
The use of mammography to detect nonpalpable breast cancer is demonstrated. Positive nodes are found in 

21% of cases but in none smaller than 0.5 cm. The use of adjuvant chemotherapy in these patients is 

discussed. 

M. C. Wilhelm, M.D., Stephen B. Edge, M.D., Diane D. Cole, B.S., Ellen deParedes, M.D., 

and Henry F. Frierson, Jr., M.D. 

Charlottesville, Virginia 


Stapled Ileoanal Anastomosis for Ulcerative Colitis and Familial Polyposis Without 


a Temporary Diverting Ileostomy ...........0.0.0 0000 c cece ccc cece eee gece ene veeeen ees 606 
A triple-stapled ileoanal J pouch is a simpler procedure with less tension than an anal mauicaccleiny and J 

pouch handsewn to the dentate line. Although it usually leaves a small cuff of residual disease, it provides 

significantly better stool control and may permit avoidance of an ileostomy and its complications. 

Harvey J. Sugerman, M.D., Heber H. Newsome, M.D., Gayle Decosta, R.N., and Alvin M. Zfass, M.D. 

Richmond, Virginia 


June 1991 | Vol. 213, No. 6 


CONTENTS 


Continued 


The MAGPI Hypospadias Repair in 1111 Patients .................... 02... eee eee. 


An evaluation of 12 years’ experience with the MAGPI procedure focuses on ways to avoid the 
complications of meatal regression. Overall secondary surgery rate is 1%. 

John W. Duckett, M.D., and Howard McC. Snyder HI, M.D. 

Philadelphia, Pennsylvania 


Choledocholithiasis: Endoscopic Sphincterotomy or Common Bile Duct Exploration ....... 


Patients with proved common bile duct stones who were candidates for elective surgery were randomized to 
preoperative endoscopic sphincterotomy (ES) or surgery alone. Common bile duct exploration was more 
effective than ES in clearing the common duct of stones. Routine preoperative ES would not be a cost- 
effective program. 

Stephen C. Stain, M.D., Hartley Cohen, M.D., Mark Tsuishoysha, M.D., and Arthur J. Donovan, M.D. 

Los Angeles, California 


Choledochoduodenostomy: Analysis of 71 Cases Followed for 5 to 15 Years ............... 


The retrospective analysis of 71 patients who underwent choledochoduodenostomy and were followed for a 
minimum of 5 years showed that only three patients developed cholangitis, documenting that 
choledochoduodenostomy is effective on a long-term basis to treat non-neoplastic obstructions of the distal 
common bile duct. | 
Angel Escudero-Fabre, M.D., Alberto Escallon, Jr., M.D., Jonathan Sack, M.D., Norman B. Halpern, M.D., and 
Joaquin S. Aldrete, M.D. 

Birmingham, Alabama 


The Economic Burden of Gallstone Lithotripsy: Will Cost Determine Its Fate? ............ 


The total cost of treatment of gallstones by means of extracorporeal shock wave lithotripsy of gallstones is 
evaluated and compared to the total cost of operative cholecystectomy. Excluding the estimated cost of 
gallstone recurrence, the overall cost of the lithotripsy program was found to be overwhelmingly higher than 
the cost of operative cholecystectomy. These data suggest that gallstone lithotripsy as a primary treatment 
modality in patients with gallstones has a bleak future in view of the economic burden. 


W. H. Nealon, M.D., F. Urrutia, M.D., D. Fleming, M.D., and J. C. Thompson, M.D. 
Galveston, Texas 


Open Versus Laparoscopic Cholecystectomy: A Comparison of Postoperative 


Pulmonary Function ciccécciens dressed ada eue coated Ann SORA OLA ae earannan aran 


Preoperative and postoperative pulmonary function testing was performed in patients undergoing open and 
laparoscopic cholecystectomy during a 6-week period. The fraction of postoperative baseline pulmonary 
function was significantly better using the laparoscopic technique. This should lead to fewer pulmonary 
complications. 

Richard C. Frazee, M.D., John W. Roberts, M.D., Gyman C. Okeson, M.D., Richard E. Symmonds, M.D., 
Samuel K. Snyder, M.D., John C. Hendricks, M.D., and Randall W. Smith, M.D. 

Temple, Texas 


Appraisal of Laparoscopic Cholecystectomy .................00.0 000 c cece cece eee eee e eens 


This paper reports the experience of three general surgeons performing 304 laparoscopic cholecystectomies in 
three private hospitals during a 13-month period. Some of the advantages and pitfalls are discussed. 

Herschel A. Graves, Jr., M.D., Jeanne F. Ballinger, M.D., and William J. Anderson, M.D. 

Nashville, Tennessee 


Laparoscopic Cholecystectomy: Treatment of Choice for Symptomatic Cholelithiasis ....... 


Laparoscopic cholecystectomy can be performed with low rates of morbidity. The procedure offers a 
substantial decrease in postoperative pain, hospitalization, and recovery time. For these reasons the authors 
think it has become the treatment of choice for symptomatic cholelithiasis. 

Bruce D. Schirmer, M.D., Stephen B. Edge, M.D., Janet Dix, PA-C, Matthew J. Hyser, M.D., 

John B. Hanks, M.D., and R. Scott Jones, M.D. 

Charlottesville, Virginia 


June 1991 - Vol. 213, No. 6 
CONTENTS 


Continued 


Index of Subjects no5 eect elated oet.wis sins Bawa annann eannan to deha tae aaa rarena aaraa 680. 


Index of Authors ....... 00.0. c ccc cc ccc ccc cc cece cue ebee bene eeeeeneeeebeenbennteenntenns 685 





EDITORIAL 





The Fetus as a Patient 


and intervention. Where all of this research and that of others will lead is anyone’s guess, but society will be 
the better for it. 

Already we have begun to realize the benefits of fetal research: perinatology is now recognized as a valid field of 
medical endeavor as we now see the maternal/fetal complex emphasized together rather than treated as two separate 
entities. Anesthesia, radiology, and pediatric surgery have joined the team as well. Clinically the main advantage of 
fetal monitoring to this point has been the referral of high-risk mothers known to have fetuses with correctable anomalies 
to centers where the best care could be provided to both mother and infant and at the optimal time. In fact this may 
continue to be the main advantage of such fetal monitoring programs, particularly in the case of complex congenital 
heart disease. 

Scientifically our knowledge of fetal development and physiology has been enriched enormously by investigations 
such as those reported by Harrison and colleagues. In addition the best is yet to come. Even if fetal intervention 
eventually is limited, the knowledge will be useful to our understanding of maternal—fetal interaction, the timing of 
and influences on fetal organ development, development of the immune system, and a host of other issues. We have 
an opportunity to increase knowledge in the developing fields of molecular biology, genetics, immunology, and on- 
cogenesis with this controllable model of serial cellular development. 

Dr. Harrison and colleagues have been extraordinarily careful to admonish pides that there is A to be learned 
before fetal intervention becomes commonplace. Fetal intervention must be based on a firm understanding of the 
basic physiology and developmental biology involved in each individual case. Already we have seen far too many fetal 
- complications produced by procedures on the fetus when intervention would not be expected to be of help anyhow 
in the light of present knowledge. Only medical centers with the full clinical and research capabilities similar to those 
in San Francisco should undertake this enterprise. Even the latter group have been slow and responsible in their 
application of laboratory investigation to clinical use, and others should do the same. 

The perinatology group at the University of California in San Francisco has more than 20 years experience in fetal 
research. The members of this team appear to have identified safe anesthetic and operative management of the mother 
-` and to have determined how to operate on the uterus so it will heal and support later pregnancy and how to preserve 
fertility. What is yet to be learned is how to avoid fetal distress to the mother who has placentomegaly, the so-called 
‘mirror syndrome.’ The answer to the latter question will be valuable to all pregnant mothers. 

The authors have posed more questions than they have answered. Also it is likely that the lamb laboratory model 
does not completely mimic abnormal fetal development, which starts at the onset of gestation. Careful clinical study 
will be critical to a complete understanding of these issues. For example they state that in fetal hydronephrosis, 
intervention is only reasonable if renal and pulmonary development are threatened. While they indicate that 24 to 30 
weeks is a reasonable interval for intervention, the most successful time to correct urinary obstruction in light of 
pulmonary development may be as early as 16 weeks. In fact their experience with patients in the urinary obstructive 
category suggests that diagnosis must be early enough to be effective. Consequently, not only the severity of the anomaly 
must be considered but the appropriate timing of intervention as well. Another consideration is that we know that 
many infants with bilateral hydronephrosis resolve spontaneously; their mothers do not have oligohydramnios, so Dr. 
Harrison’s criterion is important in this regard. Another point that should not be missed is that this group screened 
200 patients with urinary tract obstruction, intervened on seven patients, and had three reasonable outcomes. 

The authors’ experience with congenital diaphragmatic hernia is encouraging because we seem to be at the limit of 
what we can do for critically ill infants with this anomaly, even with extracorporeal membrane oxygenation when 
there is true pulmonary hypoplasia. In highly selected instances in fetuses without associated anomalies, if intervention 
is early enough, survival is possible. 
= The principles of early detection and serial imaging and recognition of fetal hydrops and maternal placentomegaly 
also appear to apply to the problems of chylothorax, sacrococcygeal teratoma, pulmonary cystic adenomatoid mal- 
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formation, and cystic hygroma if intervention is to be considered. More basic information will be needed before it will 
be possible to determine if intervention is appropriate, what the appropriate selection criteria are, and what the timing 
of intervention should be. 

In the background of this high-tech surgical enterprise lie two important social issues. The first relates to the fact 
that too many centers perform fetal intervention inappropriately, with unfortunate maternal and fetal morbidity, even 
when such intervention is unwarranted. Most centers would be better to refer their patients for now or to do nothing 
at all. 

The second social issue is an important question related to the future of health care in America. In this time of 
budgetary restriction and even some rationing of health care, can we afford to support operative intervention on the 
fetus? Is it even socially responsible considering the larger issues of our day? By the year 2000, one third of our children 
will lie below the poverty level, and we must support them to ensure the future of our nation. We are having difficulties 
supporting our trauma centers as well. Perhaps it is reasonable and even important to continue these investigative 
efforts if we are ever to get the human data we cannot get from laboratory experiments. Only time will tell, but in the 
meantime, society has much to benefit from the information pioneers such as Dr. Harrison and his colleagues are 
generating. 


JAMES A. O’NEILL, JR., M.D. 
Philadelphia, Pennsylvania 
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The Fetus as a Patient 


Surgical Considerations 
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The diagnosis and treatment of human fetal defects has evolved 
rapidly over the past decade due to improved fetal imaging tech- 
niques and better understanding of fetal pathophysiology derived 
from animal models. The detection of a fetal anomaly may now 
lead to a change in the timing of delivery, a change in the mode 
of delivery, or prenatal treatment. Because most therapeutic ma- 
neuyers involve some risk to the fetus and mother, there must 
be a reasonable expectation that the procedure is feasible, safe, 
and effective before it can be attempted in humans. This requires 
reliable information about the pathophysiology and natural his- 
tory of the disease process, the efficacy of fetal surgical inter- 
vention in ameliorating the disease, and the feasibility and safety 
of the proposed intervention. This paper focuses on the rationale 
and initial clinical experience with fetal surgery for a variety of 
life-threatening fetal anatomic defects. 


RENTAL DIAGNOSIS HAS undergone an explosion 

of growth in the past decade. The primary impetus 

for this rapid expansion has come from the wide- 
spread use of prenatal ultrasonography. After the first re- 
ports of in utero ultrasonographic diagnosis of congenital 
anomalies in the 1970s, increasingly sophisticated equip- 
ment and experience in interpretation led to the accurate 
prenatal diagnosis of a growing number of surgical le- 
sions. ! 

Prenatal diagnosis and serial sonographic study of fe- 
tuses with anatomic lesions now makes it possible to define 
the natural history of these abnormalities, determine the 
pathophysiologic features that affect clinical outcome, and 
formulate management based on prognosis. Prenatal di- 
agnosis has defined a ‘hidden mortality’ for some lesions 
such as congenital diaphragmatic hernia, bilateral hydro- 
nephrosis, sacrococcygeal teratoma, and cystic adenoma- 
toid malformation of the lung. These lesions, when first 
evaluated and treated after birth, demonstrate a favorable 
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selection bias. The most severely affected fetuses often die 
in utero or immediately after birth.” 

Routine obstetric sonography changed the surgical 
management of many congenital anomalies. Most cor- 
rectable malformations that can be diagnosed in utero are 
best managed by appropriate medical and surgical therapy 
after maternal transport and planned delivery at term. 
Prenatal diagnosis may influence the timing (Table 1) or 
the mode (Table 2) of delivery. In rare cases, various forms 
of in utero therapy may be possible either now or in the 
future (Table 3). For instance hematopoietic stem cell 
and hepatic enzyme deficiencies may be treated by in utero 
stem cell and hepatocyte transplantation in the near fu- 
ture.’ 

The possibility of open fetal surgical intervention, al- 
though a formidable undertaking, may be the only solution 
for some fetal problems. Fetal surgery is only justifiable, 
however, if (1) the natural history and pathophysiology of 
the disease is well understood; (2) the prenatal diagnosis 1s 
accurate, capable of excluding other anomalies, and able to 
predict which fetuses have a sufficiently bad prognosis to 
justify in utero intervention; (3) if in utero correction is shown 
to be efficacious in animal models; and (4) if maternal risk 
is proved to be acceptably low. 

In the past decade, we investigated the rationale and 
feasibility of in utero repair for a number of fetal anom- 
alies, including congenital hydronephrosis, congenital 
diaphragmatic hernia, sacrococcygeal teratoma, cystic 
adenomatoid malformation, chylothorax, and simple 
types of congenital heart disease. In addition some recent 
experimental studies delineating the ability of the fetus to 
heal without scarring may have implications for all sur- 
geons. This review will focus on our experimental and 
clinical experience with open fetal surgery for prenatally 
diagnosed life-threatening anatomic anomalies. 
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TABLE |. Defects that May Lead to Induced Preterm Delivery 
Jor Early Correction Ex Utero 


Obstructive hydronephrosis 

Gastroschisis or ruptured omphalocele 

Intestinal ischemia and necrosis secondary to volvulus, 
meconium ileus, and so on 

Amniotic band malformation complex 


Management of the Fetus with 
Congenital Hydronephrosis 


Unrelieved urinary tract obstruction interferes with fetal 
development. The severity of damage at birth depends on 
the type, degree, and duration of the obstruction.”® Al- 
though children born with partial bilateral obstruction 
may have only mild hydronephrosis that is reversible with 
decompression after birth, children born at term with 
high-grade obstruction may already have advanced hy- 
dronephrosis and renal dysplasia that is incompatible with 
life. In addition oligohydramnios secondary to decreased 
fetal urine output produces pulmonary hypoplasia, which 
often is fatal at birth. 

It is possible that the life-threatening problems of re- 
spiratory and renal insufficiency may be ameliorated if 
the obstruction is relieved early enough in gestation to 
allow normal development to proceed. Optimal clinical 
management of both patients, mother and fetus, depends 
on a thorough understanding of the pathophysiology of 
fetal obstructive uropathy and its sequelae on the devel- 
oping fetus. 

The approach to fetal hydronephrosis developed in the 
last decade is a paradigm for fetal treatment in general. 
In this short period, the management of fetal hydrone- 
phrosis advanced dramatically due to multiple studies de- 
fining the natural history and pathophysiology of fetal 
urinary tract obstruction and to an intensive search for 
ways to assess fetal renal function and improve selection 
for treatment. From this large body of experimental and 
clinical work, for any individual case, the family can be 
counseled about the prognosis and options in manage- 
ment, ranging from termination of a hopeless pregnancy 
to prenatal intervention for those few fetuses whose renal 
and pulmonary development is threatened. 


Development of the Fetal Lamb Model 


To study the pathophysiology of fetal urethral obstruc- 
‘ tion and the efficacy and feasibility of correction in utero, 
it was necessary first to develop an animal model. Studies 
using fetal lambs evaluated the effect of obstruction and 
its subsequent correction on pulmonary and renal devel- 
opment.”!° We produced an accurate model of severe 
bilateral hydronephrosis in the fetal lamb by ligating the 
urachus and occluding the urethra with an ameroid con- 
strictor or a ligature at 95 to 105 days gestation (full term 
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is 145 days). Then we decompressed some of the ob- 


structed fetuses by performing a suprapubic cystostomy 
at a second fetal operation about 3 weeks later and com- 
pared obstructed, decompressed, and control lambs at 
birth (Fig. 1). Uncorrected lambs did poorly; one half of 
them were stillborn. Liveborn obstructed lambs had severe 
respiratory insufficiency and only one survived the new- 
born period. The lungs were hypoplastic by weight and 
volume compared to corrected animals. The bladder, 
ureters, and renal pelves were dilated severely, mimicking 
the morphologic disease in human neonates. In contrast, 
the corrected lambs fared much better. Seven of nine 
lambs diverted in utero were liveborn, with resolution of 
the urinary tract dilatation and with far less respiratory 
difficulty. Relatively late obstruction in the fetal lamb (100 
days), however, did not produce the typical cystic and 
dysplastic changes seen in human urinary tract malfor- 
mations. To address the relationship between obstruction 
and renal dysplasia, an earlier gestational model was de- 
veloped. 

To test whether obstruction earlier in fetal life leads to 
renal dysplasia, we produced complete unilateral ureteral 
obstruction in fetal lambs at the beginning of the second 
trimester (55 to 65 days gestation). We documented that 
the kidney obstructed at this early stage was both hydro- 
nephrotic with ureteral and calyceal dilation proximal to 
the ligation, and dysplastic when examined at term.'! This 
model then was used to determine whether renal dysplasia 
associated with fetal urinary tract obstruction was pre- 
ventable by in utero decompression. 

Following early second trimester unilateral ureteral li- 
gation in 25 fetal lambs, the fetuses underwent reoperation 
and ureterostomy of the obstructed ureter after three pre- 
determined time intervals (3, 6, or 9 weeks).!? The fetus 
was returned to the uterus and subsequently delivered at - 
term by Cesarean section. Each newborn had the function 
and morphology of the previously obstructed kidney 
compared to the contralateral control kidney. This study 
demonstrated that ureteral obstruction in the early mid- 
trimester with subsequent decompression before term 
prevented renal dysplasia. Urinary tract decompression 
reversed the obstructive changes and the degree of patho- 
logic and functional impairment seen in the obstructed 
kidney was proportional to the duration of obstruction. 
Other studies in fetal lambs have shown that the oligo- 
hydramnios-induced pulmonary hypoplasia associated 
with obstructive uropathy is similar to that seen in human 


TABLE 2. Defects that May Lead to Cesarean Delivery 


Giant omphalocele 

Large sacrococcygeal teratoma, cervical hygroma, cervical teratoma 

Malformations requiring preterm delivery in the presence of 
inadequate labor or fetal distress 
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TABLE 3. Defects That May Require In Utero Treatment 


Malformation 


Urethral obstruction 

Congenital diaphragmatic hernia 

Fetal chylothorax 

Sacrococcygeal teratoma 

Cystic adenomatoid 
malformation of the lung 


fetuses and that decompression of the obstructed urinary 
tract permits restoration of amniotic fluid volume and 
compensatory lung growth. !>!4 

There are several lines of evidence that suggest that 
pulmonary hypoplasia 1s the result of simple compression 
of the fetal lung.!*-" In cases of congenital hydronephrosis, 
the massively distended urinary tract elevates the dia- 
phragm and the oligohydramnios results in a small intra- 
uterine cavity that compresses the fetal thorax. If the lung 
changes are secondary to compression and are not due to 
a primary pulmonary malformation, restoration of nor- 
mal amniotic fluid volume by fetal urinary tract de- 
compression would reverse the constraint on normal lung 
growth. The lamb studies support this hypothesis. Lambs 
born after correction of urinary tract obstruction in utero 
fared much better, and the improvement correlated 
roughly with larger lungs. In addition we demonstrated 
in a fetal rabbit model that decompressing the lungs by 
restoration of amniotic fluid volume or by reducing pres- 
sure on the diaphragm allows the lungs to grow.'* Further 
studies in the same experimental preparation suggest that 


_FiG. 1. Summary of data. 
Obstructed lambs had a high 
mortality rate, small lungs, 
and grossly dilated urinary 
tracts. Decompression in 
utero significantly improved 
survival, lung size, and uri- 
nary tract dilation. Four ob- 
structed lambs and two de- 
compressed lambs were de- 
livered vaginally before 
planned ceasarean delivery, 
so viability could not be as- 
sessed (reprinted with per- 
mission). 
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Effect on Development 


Hydronephrosis, lung hypoplasia —> renal, respiratory failure 
Pulmonary hypoplasia — respiratory failure 
Pulmonary hypoplasia -> respiratory failure 
Massive arterio-venous shunting — placentomegaly, hydrops 


Pulmonary hypoplasia, hydrops 





Controls 
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| Viability} 8/8 1/4 (w/resp. distress) | 7/7 (w/resp. distress) 
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in Utero Treatment 


Vesicostomy ` 
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Thoracoamniotic shunt 
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Excision 


the loss of the internal stenting force of fetal lung fluid is 
an important etiologic factor.’? 


The Problem of Selection: Assessment of Fetal Renal 
Function 


A major problem in management of the fetus with hy- 
dronephrosis 1s determining how to select from a large 
number of fetuses with dilated urinary tracts only those 
with obstruction severe enough to compromise renal and 
pulmonary function at birth, yet not so severe that renal 
function cannot be salvaged even with in utero de- 
compression. The fetus with a dilated low-pressure system 
who continues to have good urine output and adequate 
amniotic fluid volume requires no intervention. At the 
other end of the spectrum, the fetus with severe renal 
dysplasia that is not reversible; even with decompression, 
clearly should not be treated. The fetus with unilateral 
disease of any type with a normally functioning contra- 
lateral kidney can be managed conservatively because the 
disease is not life threatening. But the fetus with bilateral 





Obstructed, decompressed 
(cystostomy) (n=9) 












2.61 È 0.48 








4.34 È 1.26 
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hydronephrosis and unknown renal functional potential 
who might be a candidate for intervention requires renal 
function assessment. | 

The presence of oligohydramnios is a critical deter- 
minant of death.”° Fetuses identified with oligohydram- 
nios in the early second trimester have a mortality rate 
in excess of 90%.7!* We tried to define criteria to predict 
which of these fetuses would be salvageable. To be a can- 
didate for fetal intervention, the affected fetus must have 
good residual renal function at the time of diagnosis, de- 
spite oligohydramnios. The ultrasound appearance of the 
fetal kidneys provides valuable prognostic information if 
the renal parenchyma shows increased echogenicity or 
cystic changes, but is less predictive in their absence.” 

We reviewed our experience with 20 fetuses with con- 
genital bilateral hydronephrosis referred for treatment to 
determine the prognostic value of various criteria used to 
assess renal functional potential.** Based on these results, 
six prognostic criteria to identify the fetus with ‘good 
function’ and ‘poor function’ were generated (Table 4). 
Although these results are based on a retrospective anal- 
ysis, the utilitv of these parameters was confirmed in recent 
prospective and retrospective studies.?!?? The develop- 
ment of prognostic criteria that predict the potential for 
recovery greatly simplified counseling of the families and 
selection of appropriate management. The prognostic cri- 
teria (urine Na <100 mEq/L, Cl <90 mEq/L, Osm <210 
mosm, and normal fetal kidneys by ultrasound) have 
proved to predict reliably neonatal and long-term outcome 
after in utero urinary tract decompression, and the urine 
studies can be obtained by a single fetal bladder aspiration 
under ultrasound guidance. 


An Algorithm for Management 


From our cumulative clinical and laboratory experi- 
ence, we derived the following general guidelines for 
management of the fetus with hydronephrosis (Fig. 2). 
_ Initial evaluation should begin with an ultrasound to con- 
firm the diagnosis, the anatomic level of obstruction, the 
status of the amniotic fluid, and the presence of associated 
anomalies. If an associated life-threatening anomaly is 
‘present, the family should be counseled and allowed to 
choose expectant management or termination of the 
pregnancy. If hydronephrosis appears to be an isolated 
defect and the amniotic fluid volume is adequate, the 


TABLE 4. Prognostic Criteria for the Fetus with Bilateral Obstructive 
Uropathy: Fetal Urine Composition and Volume 


Chloride 
(mEq/mL) 


Sodium 
(mEq/mL) 


Predicted 
Function 


Output 
(mL/hr) 


Osmolarity 
mosmol 
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mother should be followed by serial ultrasound. If am- 
niotic fluid volume remains adequate, then the mother 
should receive routine obstetric care, and the fetus can be 
treated after birth. If moderate-to-severe oligohydramnios 
develops, the fetus should undergo a complete prognostic 
evaluation to determine the fetus’s potential for normal 
renal and pulmonary function at birth. For the fetus with 
predicted renal dysplasia, aggressive obstetric care or in 
utero decompression is not indicated. For the fetus with 
predicted preserved renal function, there are two man- 
agement options depending on fetal lung maturity. For 
the fetus with mature lungs, immediate delivery and ex 
utero decompression is indicated, and for the fetus with 
immature lungs, in utero decompression is recommended. 
For open fetal surgery, the gestational age at diagnosis 
should be less than 28 weeks, as successful decompression 
sometimes can be performed after this time with a per- 


‘cutaneously placed fetal vesicoamniotic shunt catheter. 


Before 28 weeks gestation, fetal catheter placement has 
been unsuccessful largely due to frequent catheter ob- 
struction and dislodgement.”° 


The Evolution of Open Fetal Surgery for Hydronephrosis 


The criteria for attempting open fetal surgery were sat- 
isfied by our group in the early 1980s. The first open case 
for hydronephrosis was performed in 1981,7° and six oth- 
ers have been performed since then. It is important to 
remember that only 7 of more than 200 cases of bilateral 
hydronephrosis referred for management during the last 
decade were deemed appropriate for open fetal sur- 
gery.’ The first fetus had bilateral ureterostomies and 
the subsequent six had marsupialization of the bladder at 
18 to 24 weeks gestation. The first five pregnancies pro- 
ceeded to Cesarean delivery at 32 to 35 weeks gestation. 
The sixth fetus never drained urine well after vesicostomy 
and was removed at reexploration by the parent’s request 
because of a severe cloacal anomaly. The seventh fetus 
underwent successful urinary tract decompression but 
subsequently died 2 weeks later from pulmonary hypo- 
plasia. This baby was delivered prematurely as a result of 
the mother’s discontinuing her oral tocolytic therapy. 

Three fetuses had prolonged return of normal amniotic 
fluid dynamics and all three had adequate pulmonary 
function at birth, suggesting that fatal pulmonary hypo- 
plasia associated with early severe oligohydramnios had 
been reversed. Two other neonates died at birth with pul- 
monary hypoplasia. One had no amniotic fluid even after 
decompression due to our inability to predict fetal renal 
function early in our experience. The other had some am- 
niotic fluid after decompression but a tiny chest cavity 
due to a long period of severe oligohydramnios before 
decompression. Of the three surviving infants, one had 
normal renal function when she died of unrelated causes 
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The Fetus With Bilateral Hydronephrosis 
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Lungs Lungs 
mature immature 
Decompress 
in utero 
No Terminate Deliver early Deliver at term 


intervention pregnancy Correct ex ufero correct ex utoro 


Fic. 2. Management scheme for the fetus with bilateral hydronephrosis. 


at 9 months of age. One has normal renal function at age 
3 years. The third developed failing renal function by 3 
years, has grown and developed normally, and subse- 
quently received a successful kidney transplant. Our cur- 
rent selection criteria would accurately exclude from 
ireatment the two fetuses who died of pulmonary hypo- 
plasia. 

Throughout this initial period of performing fetal sur- 
gery, our selection criteria have been evolving. Improve- 
ments in selection now make it possible to avoid inter- 
vention in hopeless cases. This small series of human cases 
confirms that the development of fatal pulmonary hy- 
poplasia can be prevented if amniotic fluid dynamics can 
be restored by decompression of the obstructed urinary 
tract. It is still unclear if in utero intervention arrested or 
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reversed cystic dysplastic changes caused by obstructive 
uropathy because it is possible that the dysplastic changes 
initiated in utero will compromise renal function pro- 
gressively as functional demand increases with growth. 
We believe, however, that relief of obstruction during the 
most active phase of nephrogenesis, between 20 and 30 
weeks gestation, may obviate further damage and allow 
nephrogenesis to proceed normally.” Further experience 
and long-term follow-up are necessary to determine the 
effectiveness of in utero decompression in reversing or 
arresting renal damage caused by obstruction. 


Management of the Fetus with Congenital 
Diaphragmatic Hernia 


Congenital diaphragmatic hernia (CDH) is an anatom- 
ically simple defect that is correctable easily by removing 
the herniated viscera from the chest and closing the dia- 
phragm.”® However many infants with CDH die of pul- 
monary insufficiency despite optimal postnatal care be- 
cause their lungs are too hypoplastic to support extra- 
uterine life. The pulmonary hypoplasia seen with CDH 
has been well documented clinically and experimentally; 
it appears to be caused by compression of the developing 
fetal lung by herniated bowel. In this section, the evolution 
of in utero therapy for CDH will be described. As was the 
case for bilateral hydronephrosis, 10 years of experimental 
and clinical work that supports the pathophysiologic ra- 
tionale for correction of CDH in utero will be reviewed. 


The Fetal Lamb Model 


To study the pulmonary hypoplasia that accompanies 
CDH and the possibility of reversing these changes by 
correcting the CDH in utero, a model was developed in 
which a conical, silicone-rubber balloon was inflated pro- 
gressively in the left hemithorax of fetal lambs over the 
last trimester to simulate compression of the growing fetal 
lung by abdominal viscera.” Lambs with inflated intra- 
thoracic balloons deteriorated rapidly at term delivery and 
died of respiratory insufficiency despite maximal resus- 
citation and ventilatory support. Deflation of the balloon 
midway through the third trimester (simulated ‘“correc- 
tion’) allowed sufficient lung growth to alleviate respiratory 
insufficiency and to assure survival in five of five lambs 
delivered by Cesarean section.*? Simulated correction 
produced a significant increase in lung weight, air capacity, 
compliance, and area of the pulmonary vascular bed 
(Fig. 3). 

Although the balloon model established the efficacy of 
in utero repair, it could not be used to study the feasibility 
of correction or to develop the surgical techniques nec- 
essary for actual successful fetal surgical repajx.-For. this 
purpose we had to create and then sempr hA LEST 
gically actual fetal diaphragmatic hernias as.) 
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diaphragmatic hernias in fetal lambs by making a hole in 


the left diaphragm and demonstrated that herniated vis- - 


cera produced pulmonary hypoplasia comparable to that 
produced by the balloon. We then tried to repair the CDH 
surgically at a second operation.*! 

The first attempts at repair were unsuccessful because 
increased intra-abdominal pressure secondary to replace- 
ment of the viscera into the abdomen resulted in severely 
compromised umbilical venous blood flow. It became 
clear that the abdominal cavity would need to be enlarged 
to prevent increased intra-abdominal pressure after CDH 
repair. Incorporating a piece of silastic into the abdominal 
wall proved to be a satisfactory solution allowing the ab- 
dominal contents to be accommodated without increased 
pressure. When we used these techniques for repair of 
fetal CDH, the lambs survived at term and when they 
were killed the lungs were well expanded, histologically 
mature, and much larger than those of uncorrected ani- 
mals.>! These findings were confirmed by others using a 
similar fetal lamb model.*” Subsequent pulmonary mor- 
. phometric studies showed that an early gestational CDH 
lamb model simulates the morphologic features that cor- 
relate with fatal outcome for human neonates with CDH 
and persistent fetal circulation, and that fetal surgical re- 
pair ameliorates these vascular changes and permits com- 
pensatory lung growth and development.” 


The Natural History of Congenital Diaphragmatic Hernia 


Survey data derived from neonatal centers underesti- 
mate the incidence and mortality rate of CDH ‘because 
the more severely affected infants often die before the 
anomaly is recognized. Minimum incidence figures de- 
rived from various sources range from | in 2400 to | in 
5000 live births; the true incidence, including stillborn 
fetuses, is probably about 1 in 2200 births.27*°° Para- 
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doxically the mortality rate of infants with CDH reported 
from major neonatal centers has not improved with the 
recent improvements in neonatal transport and intensive 
care. Earlier reported series quoted mortality rates of about 
50% for postnatally detected CDH but included only the 
most favorable cases, those that survived to be transferred 
to the major referral center. The most severely affected 
infants died before they came to the attention of the re- 
ferral center, accounting for a significant ‘hidden mortal- 
ity,” a situation directly analogous to that seen with pre- 
natally diagnosed bilateral hydronephrosis. With im- 
proved neonatal transport and respiratory support, some 
of these desperately ill infants now survive long enough 
to be treated. Because the mortality rate is extremely high 
in this group, recent series from highly capable centers 
often show dismal results.*’ 

Management of the fetus with prenatally diagnosed 
CDH depends on an understanding of the natural history, 
pathophysiology, and prognostic factors affecting out- 
come. It would seem that prenatal diagnosis of CDH 
would result in immediate postnatal repair and survival. 
However our initial reported experience with fetal CDH 
was very disappointing—there were no survivors of seven 
fetuses prospectively diagnosed before birth.” This led to 
a multicenter survey that documented the natural history 
and clinical outcome of fetal CDH in 94 cases.” This 
study demonstrated that the prenatal sonographic diag- 


- nosis was accurate, the mortality rate was high (80%), and 


polyhydramnios was a prenatal predictor of poor clinical . 
outcome. A subsequent study of 38 prenatally diagnosed 
cases from a single medical center permitted a detailed 
assessment of prognostic factors and evaluation of the 
impact of extracorporeal membrane oxygenation (ECMO) 
on outcome.” This study found that survival was poor 
despite optimal postnatal therapy, including ECMO, and 


“CORRECTED” CDH 
SIMULATED CDH BALLOON DEFLATED AT 
CONTROLS BALLOON INFLATED 120 DAYS 
(n=7) {n=8) 


(n=6) 





FIG: 3. Summary of data for 
lambs with simulated CDH 
(reprinted with permission). 





VIABILITY 6/6 LIVED 6/6 DIED 5/5 LIVED (with resp. distress) 
Lung Weight 123.22 25.4 49.626.6 79.1% 6.0 

Lung Wt./Body Wt. 3.42£0.30 1.712 .03 2.26*.14 

Air Capacity 222.5% 47.9 58.8t 7.6 151410.0 

Air Cap./Body Wi. 6.24%0.84 2.3720.12 4.55%0.32 
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that both polyhydramnios and an early gestational diag- 
nosis were associated with a dismal outcome. Thus the 
severity of a fetal CDH can be judged by the timing of 
herniation, the degree of pulmonary compression (lung- 
to-thorax ratio at the level of a four chamber view of the 
heart), and the presence of polyhydramnios. 


Initial Experience with Repair In Utero 


We obtained the approval of the Committee on Human 
Research in 1983 for open fetal surgery for CDH. Only 
eight cases in 7 years have met our stringent selection 
criteria. In addition it has been imperative that the families 
understand the risks of fetal surgery and be willing to 
travel to San Francisco. Finances were a major stumbling 
block because insurance companies refused to cover any 
expenses associated with this experimental procedure. Al- 
though there were no professional fees, the cost of the 
procedures and hospitalization had to be borne by the 
investigating institution. Although we were contacted by 
telephone about a large number of fetuses with CDH, 
only a fraction (less than 1 in 10) was even a candidate 
to come to San Francisco for further evaluation. Of the 
potential candidates, at least one half were excluded by 
social and financial considerations. 

After extensive experimental work demonstrated the 
efficacy, feasibility, and safety of repair in utero, we tried 
to salvage eight highly selected fetuses with severe CDH 
by open fetal surgery.4! The experience with these very 
severe cases initially was discouraging, but each of these 
cases contributed to invaluable knowledge and experience 
that eventually led to the first clinical success. The first 
three fetuses died at operation because attempts to reduce 
the friable incarcerated liver from the fetal chest were un- 
successful. In the fourth case, a Gore-Tex diaphragm was 
constructed around the liver but lung decompression was 
ineffective and the baby died at birth. The last four fetuses 
were repaired successfully and the technical problem with 
mildly herniated liver proved to be surmountable. All 
four demonstrated rapid growth of the lung in utero and 
had surprisingly good lung function after birth. Two sub- 
sequently died of nonpulmonary problems (an unrelated 
nursery accident in one and intestinal complications in 
the other), but the last two babies have done well.’ 


An Algorithm for Prenatal Management of CDH 


Figure 4 shows our proposed algorithm for manage- 
ment. Once a diaphragmatic hernia is diagnosed by ul- 
trasound, the patient should be referred for chromosomal 
analysis by amniocentesis (results in about 2 weeks) or 
percutaneous umbilical blood sampling (results in about 
2 days), screening for other anatomic abnormalities by 
an experienced obstetric sonographer, and evaluation for 
cardiac abnormalities by fetal echocardiography. When 
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Fic. 4. Algorithm for management of the fetus with CDH (reprinted 
with permission). 


associated serious anomalies are discovered, the family 
may choose to terminate the pregnancy. . 
There is a wide spectrum of severity in CDH. Some 
mildly affected fetuses will be detected later in gestation, 
develop polyhydramnios later or not at all, and have a 
smaller volume of viscera in the chest. These fetuses 
should be followed by sonogram and delivered at an ap- 
propriate tertiary perinatal center after the lungs are ma- 
ture. Unfortunately most fetuses are on the severe end of 
the spectrum and will not survive even with optimal con- 
ventional pre- and postnatal management. In general these 
fetuses will be detected earlier, develop polyhydramnios 
earlier, and have a larger volume of viscera in the chest 
(dilated stomach, impressive mediastinal shift, little lung 
visible in either thorax). Every effort should be made to 
determine if the liver is herniated into the chest because 
this affects prognosis and the technical difficulty of repair 
before birth. Between 20 and 30 weeks, the family can 
choose between conventional management or fetal repair 
depending on assessment and their personal attitude. After 
30 weeks the only option is conventional management 
aimed at maximizing postnatal care. Although fetal repair 
theoretically is possible until 32 weeks, it is probably best 
performed before 30 weeks for two reasons. First the 
longer the decompressed lung has to grow before it is re- 
quired to support life at birth, the better (and preterm 
labor associated with hysterotomy may shorten the re- 
maining gestation). Second it is our impression that the 
risk of inducing preterm labor is greater when the pro- 
cedure is performed later in gestation. Although it would 
seem technically advantageous to operate on a larger fetus 
with more mature tissues, surgical procedures have proved 
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feasible in fetuses as young as 18 weeks. Now we will 
consider fetuses between 20 and 30 weeks gestation for 
in utero repair. 


Management of Fetal Chylothorax 


Congenital pleural effusions often are due to fetal chy- 
lothorax (FCT) and can be diagnosed as early as 16 weeks 
gestation.” Small effusions may be harmless, while large 
effusions may result in pulmonary compression, pulmo- 
nary hypoplasia, and hydrops. We recently reported a se- 
ries of 32 cases.“ The overall mortality rate was 53%. 
Polyhydramnios was present in 22 cases and was not as- 
sociated with a higher mortality rate. Early diagnosis (less 
than 32 weeks gestation) and hydrops were associated with 
a higher mortality rate. Pleural fluid was available in 12 
patients, all of whom had more than 80% lymphocytes 
on cell count, which confirmed the diagnosis of FCT. 

Small effusions diagnosed late in gestation often have 
a satisfactory outcome without prenatal treatment and 
some resolve spontaneously. In these cases, serial ultra- 
sound examinations should be performed with appropri- 
ate postnatal follow-up. For large effusions causing hy- 
drops, in utero decompression may offer the only hope 
for survival. Although success with repeated percutaneous 
thoracenteses in utero has been reported, we recently used 
a thoracoamniotic shunt to decompress successfully the 
FCT after multiple attempts at aspiration failed to drain 
permanently the fetal chest. Rodeck** reported the suc- 
cessful placement of a thoracoamniotic shunt in eight fe- 
tuses with massive FCT. Six of these infants survived, five 
without respiratory difficulty after birth. Lung reexpansion 
was seen in all of the survivors, but not in the two who 
died. 


Management of Fetal Tumors 
Sacrococcygeal Teratoma 


Most babies with sacrococcygeal teratoma (SCT) are 
diagnosed as newborns when the malignant potential is 
low and the prognosis is good. However prenatal diagnosis 
identified fetuses with SCT who die in utero. The gesta- 
tional age has important prognostic significance. We re- 
ported a series in which six of eight fetuses survived when 
the diagnosis was made after 30 weeks gestation, but only 
1 of 14 fetuses survived when the diagnosis was made 
before 30 weeks gestation.“ When diagnosed before 30 
weeks gestation, invariably there has been development 
of massive tumor enlargement, fetal hydrops, and pla- 
centomegaly. In each of six fetuses diagnosed at 14 to 23 
weeks gestation, the mothers developed ‘mirror syndrome’ 
with vomiting, hypertension, edema, and proteinuria. 
Two of the six affected mothers required treatment in the 
intensive care unit for pulmonary edema. 
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We recently demonstrated by Doppler ultrasound that 
the tumor in these severe cases behaves as a large arterio- 
venous fistula with markedly increased distal aortic blood 
flow and shunting of blood away from the placenta.*’ Fetal 
demise presumably occurs because of high-output cardiac 
failure with the development of hydrops. 

These findings have important implications for man- 
agement. Fetuses with lesions larger than 5 cm should be 
delivered by Cesarean section to avoid dystocia, tumor 
rupture, or hemorrhage into the tumor, which may occur 
with vaginal delivery.*° Cases with hydrops diagnosed after 
30 weeks gestation should be delivered when pulmonary 
maturity is attained. Lesions diagnosed before 30 weeks 
gestation usually have a poor outcome and may require 
surgical excision in utero. 


Congenital Cystic Adenomatoid Malformation 


Congenital cystic ademomatoid malformation (CCAM) 
can present as a fatal lesion in a fetus or neonate, or as a 
relatively mild lesion causing respiratory difficulty or re- 
current infections in an infant or child. It represents a 
spectrum of disease characterized by cystic lesions of the 
lung. The macrocystic type has cysts that grow to several 
centimeters in diameter. Microcystic disease has multiple 
cystic lesions less than 5 mm in diameter. Prenatal ultra- 
sound generally can distinguish individual cysts in mac- 
rocystic disease while microcystic lesions usually have the 
appearance of an echogenic, solid lung mass.*® 

Differences in survival rate of patients with CCAM have 
been ascribed previously to the histologic type of the le- . 
sion, but our experience and that of others demonstrates 
that an unfavorable outcome is associated most closely 
with hydrops. Hydrops probably is secondary to vena cava 
obstruction or cardiac compression from the extreme 
mediastinal shift caused by these lesions, and hydrops has 
been associated with other space-occupying thoracic le- 
sions. The invariably fatal outcome seen with large 
CCAM lesions is related to several factors, including de- 
velopment of hydrops, hypoplasia of normal lung tissue 
secondary to prolonged compression in utero, and lack 
of early diagnosis and immediate postnatal surgery. Mac- 
rocystic lesions may resolve spontaneously when followed 
by serial ultrasound throughout the course of pregnancy.~° 

It is possible that in utero surgical decompression or 
removal of the CCAM will reverse the hydrops and allow 
sufficient lung growth to permit survival in these severe 
cases. We demonstrated experimentally that in utero pul- © 
monary resection is feasible and that compensatory lung 
growth of the opposite lung occurs.°! Thoracentesis of 
macrocystic lesions in utero does not provide lasting de- 
compression of normal lung tissue. However percuta- 
neous placement of a double pigtail catheter shunt be- 
tween a large lung cyst and the amniotic space in a fetus 
with CCAM at 20 weeks gestation resulted in sustained 
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cyst decompression and resolution of hydrops, with de- 
livery 17 weeks later and successful postnatal surgery.” 


Maternal Mirror Syndrome: An Unsolved Problem After 
Resection of Fetal Tumors 


Large fetal tumors may result in placentomegaly, hy- 
drops, and fetal death. The ‘maternal mirror syndrome’ 
(MMS) is a hyperdynamic state in which the maternal 
physiology ‘mirrors’ that of the hydropic fetus with hy- 
pertension, peripheral and pulmonary edema, and gas- 
trointestinal and renal dysfunction. Maternal mirror syn- 
drome is associated with severe Rh disease and other fetal 
conditions that cause placentomegaly and complicates 
control of preterm labor.” We encountered this syndrome 
twice after resection of large tumors in hydropic moribund 
fetuses. 

The first case was a fetus at 21 weeks gestation referred 
with a huge sacrococcygeal teratoma, placentomegaly, and 
hydrops due to massive arteriovenous shunting through 
the tumor.*” Successful complete resection of the tumor 
in utero led to marked improvement in the fetal hydrops. 
The second case was a fetus at 27 weeks gestation referred 
with a giant congenital cystic adenomatoid malformation 
with massive mediastinal shift, hydrops, and placento- 
megaly. A thoracoamniotic shunt was not possible because 
the lung lesion was microcystic. The mass was resected 
successfully in utero by right middle lobectomy with con- 
sequent improvement in the fetal pathophysiology.** In 
both cases placentomegaly persisted after operation and 
the mothers developed progressive MMS that prevented 
adequate tocolysis despite fetal improvement. A Cesarean 
section was performed for maternal safety in the first case 
after 12 days and the second case after 6 days, and the 
MMS resolved quickly. The premature infants died soon 
after delivery from respiratory insufficiency. 

Although fetal tumor excision is technically feasible, 
reversal of the fetal pathophysiology did not rapidly correct 
the placentomegaly or resolve the MMS. Maternal mirror 
syndrome.may be caused by placental release of vasoactive 
compounds resulting in a severe pre-eclamptic state. Until 
the MMS riddle is solved, earlier intervention before the 
onset of placentomegaly and hydrops may be the only 
approach to salvage these doomed fetuses. 

Recently successful In utero resection of a large CCAM 
was performed in a 23-week-old fetus with ascites but no 
placentomegaly. After tumor resection, the ascites resolved 


and good lung growth occurred in utero. That child is . 


thriving at 8 months of age." In that case the early di- 
agnosis, the large size of the tumor, and the early onset 
of hydrops indicated a dismal prognosis, which led us to 
consider prenatal intervention as the only hope for a suc- 
cessful outcome. We can now add appropriately selected 
cases of CCAM to the list of congenital lesions that are 
amenable to fetal surgical therapy. 
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Congenital Heart Disease 


Many types of congenital cardiac disease now can be 
diagnosed readily in utero with a high degree of accuracy.” 
Prenatally diagnosed complete heart block (CHB) can oc- 
cur without associated cardiac anomalies, is often refrac- 
tory to attempts to increase heart rate and cardiac output 
by medical therapy, and results in fetal demise." We de- 
veloped a model of CHB in fetal lambs and have dem- 
onstrated the feasibility of epicardial ventricular or atrio- 
ventricular pacing to increase cardiac output. The model 
may facilitate the development of new clinical therapies 
to salvage refractory cases of fetal CDH.°’ Another group 
of investigators has tried percutaneous transthoracic pac- 
ing in a hydropic fetus with CHB, but this effort failed 
for technical reasons.*® 

Although the in utero pathophysiology of congenital 
cardiac lesions is not understood completely, it appears 
that decreased blood flow during fetal life can result in 
secondary hypoplasia of vessels or cardiac chambers.” 
Experimental intrauterine repair of pulmonary artery ste- 
nosis is feasible without cardiac bypass®’*! and hypo- 
thermia or bypass techniques may make open fetal cardiac 
surgery possible in the future.°*°? 


Maternal Management and Risk 


Maternal safety is the paramount consideration in fetal 
surgery. A series of 102 fetal operations in 94 monkeys 
permitted us to develop anesthetic, surgical, and tocolytic 
regimens for fetal surgery and demonstrate satisfactory 
maternal safety.°* © 


Clinical Experience: Operative Technique 


Perioperative clinical management principles are based 
directly on the experimental nonhuman primate work. 
Maternal preparation begins with a 100-mg suppository 
of indomethacin before operation and placement of an 
epidural catheter for postoperative analgesia. During op- 
eration halothane is used for uterine relaxation and for 
fetal and’ maternal anesthesia. After operation ritodrine, 
magnesium sulfate, and indomethacin are used for to- 
colysis. Maternal intraoperative monitoring includes a 
blood pressure cuff, large-bore intravenous catheters, a 
bladder catheter, electrocardiographic leads, and a trans- 
cutaneous pulse oximeter (Fig. 5). 

The mother is positioned supine with towels placed 
under the right side to lift her uterus off of the inferior 
cava to avoid compromise of venous return. The uterus 
is exposed through a low transverse abdominal incision 
and delivered into the operative field. A large abdominal 
ring retractor is used to maintain exposure. Sterile intra- 
operative ultrasound is used to confirm the fetal position 
and placental location. The position and orientation of 
the hysterotomy is planned to stay as far away from the 
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placenta as possible and still allow exposure of the appro- 
priate part of the fetus. Excess amniotic fluid is aspirated 
with a trocar and kept warm. The hysterotomy can be 
performed with an absorbable stapler that is fast and he- 
mostatic.®’ An alternative method to minimize blood loss 
during hysterotomy is by manual compression on either 
side of the proposed hysterotomy: the uterine incision 
then is made between the assistant’s hands using electro- 
cautery. Immediately thereafter specially designed 
compression clamps are placed around the edge of the 
uterine incision to prevent bleeding. 

For urinary tract decompression,” ?’ the lower ex- 
tremities of the fetus are exteriorized and a transcutaneous 
pulse oximeter is placed around the fetal thigh. A midline 
suprapubic incision is made through the fetal abdominal 
wall exposing the thick-walled and distended bladder. The 
bladder is then opened and marsupialized to the abdom- 
inal wall using interrupted 4-O silk sutures (Fig. 6). 

For diaphragmatic hernia,*!* the left arm of the fetus 
is exteriorized for monitoring and the left side of the chest 
and upper abdomen is stabilized by placing a Babcock 
clamp onto the costal margin (Fig. 7). The diaphragm is 
repaired with a Gore-Tex patch through a subcostal in- 
cision and the abdomen is enlarged to accommodate the 
viscera using another synthetic patch (Fig. 8). 

The fetus is returned to the uterine cavity and the am- 
niotic fluid is restored with either warm normal saline or 
warm amniotic fluid containing 500 mg nafcillin. The 
uterus is closed with three layers of absorbable sutures 
and fibrin glue. The low transverse abdominal incision Is 
closed in layers using running 0-PDS suture and the skin 
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is closed with a subcuticular suture. Beyond these technical 
points, we have learned that, as a general principle, fetal 
surgery should be ‘all or none,’ i.e., the fetal repair should 
be complete and adequate to ensure a good chance for 
fetal survival, or else the otherwise doomed fetus should 
be removed. A partial or inadequate repair presents an 
ongoing threat to the mother for little potential benefit. 


Postoperative Management 


Premature labor remains the largest obstacle to a suc- 
cessful outcome in the postoperative course. After oper- 
ation uterine contractions and fetal heart rate are moni- 
tored and tocolytic therapy with betamimetics, magne- 
sium sulfate, and prostaglandin synthetase inhibitors is 
adjusted accordingly. Once the initial period of uterine 
contractions has subsided (usually within 5 days), oral 
tocolytics gradually are substituted for intravenous drugs 
and then continued throughout the remainder of the 
pregnancy. Perioperative antibiotics, generally a cepha- 
losporin, are continued for 3 days after operation. The 
patient is kept at bedrest for at least 3 days following sur- 
gery and then begins a progressive ambulation program. 
Postoperative adynamic ileus is common for 2 or 3 days, 
and oral intake resumes with the return of bowel function. 
Generally the patient is discharged on only oral tocolytic 
therapy within 10 days of the procedure. 


Maternal Outcome 


Between 198! and 1989, 18 women have undergone 
open fetal surgery in the Fetal Treatment Program at 
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UCSF. The operations were performed for four indica- 
tions: bladder outlet obstruction, congenital diaphrag- 
matic hernia, sacrococcygeal teratoma, and congenital 
cystic adenomatoid malformation. Fifteen of the proce- 
dures were technically successful, resulting in a viable fetus 
after operation. In three cases the fetal anatomic problem 
proved to be irreparable at the time and the fetus was 
removed. Women with continuing pregnancies are com- 
mitted to Cesarean section at the time of delivery. 

Obviously maternal safety is the first priority in all cases. 
There have been no maternal deaths and few maternal 
complications. There was one case of mild antibiotic-as- 
sociated pseudomembranous colitis that responded to oral 
vancomycin. One patient developed a small amniotic fluid 
leak from the hysterotomy site causing abdominal pain 
several weeks after she returned home. This was stopped 
easily during reoperation with a single suture and has not 
happened again since we changed our method of hyster- 
otomy closure to three layers. The maternal mirror syn- 
drome developed in two mothers after resection of fetal 
tumors as described above. This complication made con- 
trol of preterm labor difficult and finally necessitated Ce- 
sarean delivery. Finally poor patient compliance occurred 
in one case-——the mother stopped her oral tocolytics and 
promptly went into premature labor and delivered vagi- 
nally. 


Effect on Reproductive Potential 


One of the principal concerns following fetal surgery is 
the ability of the mother to carry further pregnancies. We 
first evaluated the potential for future reproduction after 
fetal surgery.in a large series of nonhuman primates.” 
Computed medical records are maintained for each pri- 
mate at the California Primate Research Center, Davis, 
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Fic. 6. Diagram of intraoperative appearance of bladder marsupialization 
to the fetal abdominal wall to create a vesicoamniotic fistula (reprinted 
with permission). 
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cutaneously for perioperative fetal EKG, temperature, and activity mon- 
itoring (reprinted with permission). 
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California. This database provided reliable information 
regarding subsequent breeding and contraception and 
permitted comparison of our experimental fetal surgery 
group with the normal breeding colony. We found that 
in animals that had uterine closure with absorbable su- 
tures, fetal surgery did not interfere with subsequent fer- 
tility. However animals that had metal staple hysterot- 
omy closure had a markedly decreased fertility rate. It is 
now clear that metal staples migrate through the uterine 
wall and we speculate that exposure of the endometrial 
cavity to permanent foreign body hinders fertility. Based 
on this experience, we no longer use the metal stapler for 
uterine closure and subsequently developed a stapler for 
hysterotomy that uses absorbable staples.°’ 

Uterine rupture 1s a dreaded complication during labor 
following previous Cesarean section and it occurs more 
commonly after a classic Cesarean section than after a 
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Fic. 8. Diaphragm closed. Abdomen enlarged with patch to accommodate 
viscera without increasing intra-abdominal pressure (reprinted with per- 
mission). 
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lower uterine segment incision. The hysterotomy used for 
fetal surgery is invariably in the upper segment of the 
uterine corpus and thus is comparable to a classic Cesarean 
section. In our nonhuman primate series there were five 
cases of uterine rupture, while 62 other primates labored 
and delivered vaginally without complication during the 
fetal surgery pregnancy. Based on this experience, Cesar- 
ean section delivery should be mandatory after fetal sur- 
gery to avoid rupture of the relatively fresh uterine wound. 

In follow-up of our 18 patients, seven have had sub- 
sequent pregnancies, and all deliveries were by-repeat Ce- 
sarean section with good outcome. The first patient has 
had two normal pregnancies. The remaining women are 
too close to their operative date to assess for fertility after 
fetal surgery. 

From our experience in animals and in our initial clin- 
ical experience with open fetal surgery, we conclude that 
the anesthetic regimen first developed in the nonhuman 
primate model has been used successfully in humans, with 
an acceptable perioperative risk. The paucity of compli- 
cations in the first 18 patients with open fetal procedures 
is a direct result of our extensive preparation in experi- 
mental fetal animals, which should be a prerequisite for 
anyone contemplating these procedures. We know of only 
one other human open fetal surgical case that was per- 
formed at a medical center where the investigators chose 
not to do preparatory work in nonhuman primates, and 
that procedure failed. __ 

The uterine irritability induced by hysterotomy can be 
suppressed successfully during operation with halothane 
anesthesia and after operation with intravenous and oral 
tocolytic agents, but premature labor remains a serious 
and frequent problem with fetal surgery, requiring early 
confinement in most cases, The morbidity associated with 
management of preterm labor will be reduced with further 
experience. Finally the clinical and experimental evidence 
suggests that a mid-gestation hysterotomy, closed with 
absorbable sutures, does not adversely effect future 
fertility. 

Our ability to diagnose fetal birth defects has achieved 
considerable sophistication and offers new hope for im- 
proved management of the fetus with a life-threatening 
defect. However the more invasive diagnostic and ther- 
apeutic procedures involve significant risks for both fetus 
and mother, raising difficult ethical questions about risks 
compared to benefits and about the nghts of the fetus and 
the mother. It is imperative that all who consider em- 
barking on this type of treatment be committed to de- 
veloping continuously the enterprise through ongoing re- 
search and responsible reporting of all clinical experience. 
With continuing research and cautious clinical experience, 
the indications for fetal therapy undoubtedly will continue 
to expand. 
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Studies in Fetal Wound Healing 
V. A Prolonged Presence of Hyaluronic Acid Characterizes Fetal Wound Fluid 
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Midgestation’ fetal wound healing is characterized by healing 
without fibrosis or scar formation. The mechanisms that underlie 
this remarkable process are mediated in part through a fetal 
wound extracellular matrix rich in hyaluronic acid. In this study 
a newly developed assay was used to determine the hyaluronic 
acid levels in fetal and adult wound fluid. Adult wound fluid had 
a rapid increase in hyaluronic acid, which peaked at 3 days and 
decreased to 0 by 7 days. In contrast levels of hyaluronic acid 
in fetal wound fluid increased rapidly and remained significantly 
elevated for 3 weéks. This prolonged presence of hyaluronic acid 
in the matrix of fetal wounds creates a ‘permissive’ wound en- 
vironment that promotes fetal fibroblast movement and prolif- 
eration and inhibits cytodifferentiation. Such a matrix environ- 
ment promotes healing by regeneration rather than by scarring. 
This observation has therapeutic implications. The prolonged 
application of hyaluronic acid or hyaluronate protein complexes 
to wounds in children or adults may modulate healing in a manner 
that makes the wounds more fetal-like. 


DULT WOUND REPAIR is characterized by fibro- 
A sis, scarring, and sometimes by contracture. The 
A results of this deforming process affect every form 
of surgery and can have devastating consequences. In 
contrast fetal wound healing proceeds without such fi- 
brosis or scar formation.!~!? Previously we showed that a 
transition from fetal- to adult-type repair occurs midway 
through the last trimester.'' The observations from our 
initial clinical series of fetal surgery at the University of 
California at San Francisco (UCSF) support these exper- 
imental findings.) ` | 
Although the mechanisms that endow fetal wound 
healing with these unique qualities remain enigmatic, this 
process is mediated in part through the extracellular ma- 
trix (ECM). DePalma and coworkers®'* demonstrated that 
the fetal wound ECM is rich in hyaluronic acid (HA), a 
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glycosaminoglycan found in high concentrations when- 
ever rapid cell movement and proliferation occur.” The 
deposition of HA and its subsequent degradation by the 
enzyme hyaluronidase play critical roles in a number of 
experimental model systems during early embryogenesis.” 
Hyaluronic acid also was found to enhance postnatal 
wound healing and reduce adhesions after tendon re- 
pair.” Therefore we postulate that a wound ECM rich 
in HA provides a permissive environment for repair, free 
of scar formation, and that HA is one of the ECM com- 
ponents that endow fetal wound healing with its unique 
properties. 7 

Previously we demonstrated a mechanism for HA de- 
position in fetal wounds; an elevated HA-stimulating ac- 
tivity (HASA) has been identified in fetal wound fluid." 
The HASA remained elevated from 1 to 14 days in fetal 
wound fluid, whereas it was not detected at any time in 


adult wound fluid samples. This observation, together with 


that of DePalma et al.,*'* led us to postulate that there 
may be a prolonged presence of HA in the fetal wound 
ECM. Herein, using a wire-mesh cylinder model, we 
demonstrate that fetal wound fluid indeed has a prolonged 
presence of HA, from | to 21 days after wounding. In 
contrast HA was present only initially in adult wound 
fluid. Thus the prolonged presence of HA is unique to 
fetal wound fluid and may provide a component of the 
ECM environment that underlies a process of wound re- 
pair that occurs without fibrosis or scarring. 


Materials and Methods 


Wound Cylinders 


Sterile wire mesh cylinders were used as described by 
Schilling and Hunt.’’’* The cylinders were prepared by 
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cutting a rectangle from No.40 mesh, 36-gauge stainless 
steel. Cylinders were rolled into a tube and the ends folded 
closed. Fetal cylinders measured | X 3 cm and the adult 
cylinders measured 3 X 6 cm. 


Animals 


Seven time-dated, pregnant ewes from Torrel Farms 
(Ukiah, CA) were transferred to the UCSF animal care 
facility and fed food and water ad libidum. The animals 
were fasted for 48 hours before surgery. 


Fetal Wound Fluid 


At 100 days’ gestation (145 days = term), the animals 
underwent general halothane/oxygen anesthesia using 
techniques developed specifically for fetal lamb surgery 
as previously described.” Ewes were immobilized by 1009 
mg of Ketamine (Vetalar®; Parke-Davis, Morris Plains, 
NJ) and underwent induction of general halothane/oxy- 
gen anesthesia by mask, followed by placement of a #19 
oral endotracheal tube. A 16-gauge intravenous catheter 
(Deseret, Sandy, UT) was inserted percutaneously into 
the single jugular vein and 500 mL of Lactated Ringer's 
solution (Baxter Health Care Corp., Deerfield, IL) con- 
taining 4 X 10° units of penicillin G (Pfizer, New York, 
NY) and 400 mg of Kanamycin (Kantrim®; Bristol-Mey- 
ers, Syracuse, NY) was infused during the procedure. The 
maternal abdomen was prepped and draped using sterile 


techniques and a midline laparotomy was performed. Us- . 


ing a GIA (U.S. Surgical, Norwalk, CT) stapler, the fetal 
lamb was exposed by hysterotomy. The fetal position was 
manipulated to expose only one limb at a time and a 
warm moist towel was wrapped around the uterus to help 
keep the fetus warm. Two-centimeter incisions were made 
in both the groin and axillary creases at sites where excess 
skin folds were observed. A small, subcutaneous pocket 
was created by blunt dissection and a single wound cyl- 
inder was placed in each pocket. The wounds were closed 
in one layer using interrupted 4-0 silk sutures (Ethicon, 
Somerville, NJ). The fetus was returned to the uterus and 
amniotic fluid volume was restored with sterile saline. 
The hysterotomy was closed, including the membranes, 
with a TA-90 (U.S. Surgical) stapler. The laparotomy was 
closed in layers and the ewe was returned to her stall. 
Subcutaneous wound cylinders were placed in seven 
fetal lambs. A separate lamb was used for each time point 
of fluid harvest. At the designated time of harvest (1, 2, 
3, 7, 10, 14, or 21 days after implantation), the maternal 
ewe underwent general anesthesia as described above. 
Following laparotomy and hysterotomy, the fetus was ex- 
posed. Fetal wound fluid was harvested from wound cyl- 
inders (four cylinders per animal) by a single percutaneous 
aspiration under sterile technique during reoperation us- 
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ing an #18-gauge needle and a 12-mL syringe. The fluid 
was frozen immediately and stored at —70°C until anal- 
ysis. 


Adult Wound Fluid 


Maternal ewes were used for the adult data points. At 
the conclusion of the fetal procedure, four large wound 
cylinders were placed in widely separated subcutaneous 
pockets along the maternal flank. Wounds were closed 
with interrupted 2-0 silk sutures (Ethicon). Adult wound 
fluid was harvested at the same time points as fetal fluid 
by aspirating the wound cylinders, again using sterile 
techniques. The fluid was frozen immediately and stored 
at —70°C until analysis. 


[S] Streptavidin Hyaluronic Acid-binding Protein Assay 


Following thawing, all samples were passed through a 
22-um filter (CoStar, Cambridge, MA) and assayed using 
a newly developed [*°S] streptavidin HA-binding protein 
(HABP) assay modified from Tenglbad.*° Briefly, 100-1 
samples of equilibrated digests were aliquoted into the 
upper chambers of CoStar Spin-X filter units (CoStar, 
Cambridge, MA). Aliqouts (150 ul) of HABP diluted 1: 
50 in assay buffer were then added. The solutions were 
mixed and rotated on an American Rotator V (American 
Scientific, McGaw Park, IL) at 160 rpm for 30 minutes 
at room temperature to allow the HA in the tissue extract 
to bind to HABP. Next 60 ul of HA gel diluted 1:15 as 
above was added. The solutions were mixed and then 
rotated as above for 60 minutes to allow the free HABP 
to bind to the gel. Samples were spun at 11,000g for 5 
minutes and the filtrate then passed into the filter units’ 
lower chamber. The HA gel was resuspended in 200 ul 
assay buffer as a wash and spun for 5 minutes as above. 
Next 200 ul of [*°S] streptavidin (1000 Ci/mmole, 100 
uCI/mL; Amersham, Arlington Heights, IL) diluted 
1:200 in phosphate-buffered saline—calctum magnesium 
free (PBS-CMF) were added, the pellet was resuspended 
and rotated for 30 minutes, and spun for 5 minutes as 
above. As a final wash the pellet was resuspended in 200 
ul of PBS-CMEF and spun as above. The HA-gel pellet 
was transferred to counting vials with distilled water and 
Optifluor® scintillation fluid (Packard, Downers Grove, 
IL) was added. Nonspecific streptavidin binding was de- 
termined by assaying samples without HABP. This was 
subtracted from all values. A standard curve was con- 
structed using known concentrations of HA and expressed 
as a percentage of control value. Values from control 
samples without added HA were considered to be 100% 
bound. All samples were assayed in triplicate. The data 
for each sample, run in triplicate, were expressed as the 
mean value + standard deviation. 
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Results 


All seven ewes and fetuses survived the experimental 
protocol. No animal developed infection. 


Adult Wound Fluid 


Wound fluid from the seven maternal ewes was aspi- 
rated sterilely and assayed for HA levels. The volume of 
wound fluid aspirated per cylinder tended to increase from 
an average of | to 2 mL at 1 day to 4 to 5 mL at 21 days. 
Previous attempts to harvest wound fluid earlier than | 
day yielded less than 1 mL. The HA levels increased 
sharply during the first 3 days, reaching a peak level of 


7.0 + 1.2 ug at day 3. By 7 days the HA level had decreased > 


to 0.0 + 0.9 ug and remained undetectable thereafter to 
21 days, the last time point to be determined (Fig. 1). 


Fetal Wound Fluid 


Fetal wound fluid also was obtained by sterile needle 
aspiration and assayed for HA levels. The volume of 
wound fluid aspirated per cylinder tended to increase from 
an average of 1.5 to 2 mL at 1 day to 3 to 4 mL at 21 
days. As with adult cylinders, previous attempts to harvest 
wound fluid earlier than | day yielded less than | mL. 
The level of HA increased in a pattern similar to adult 
wound fluid during the first 3 days, reaching a peak of 
4.6 + 1.4 ug at day 3 (Fig. 1). In contrast to the adult, 
HA levels remained elevated throughout the 21 days. The 
differences between fetal and adult HA levels were statis- 
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tically significant at p < 0.01 for the 10-, 14-, and 21-day 
data points using the Student’s t test. 


Discussion 


The ECM of fetal wounds is rich in glycosaminoglycans, 
particularly HA.®!* Hyaluronic acid is a large molecule 
that plays a prominent role in the structure of the ECM 
and is found whenever rapid cell proliferation, motility, 
and dedifferentiation occur. This molecule also suppresses 
differentiation.” We postulated that HA is deposited early 
in the course of both fetal and adult wound healing, but 
its deposition is sustained throughout the course of fetal 
wound healing. Thus a matrix with a prolonged presence 
of HA is a characteristic of fetal wound healing. 

The purpose of this study was to examine this hypoth- 
esis by analyzing fetal and adult wounds for their level of 
HA. We used the Schilling-Hunt wire-mesh cylinder 
model*”*8 to sample wound fluid from 1 to 21 days after 


. implantation. We previously showed that incisional 


wounds in 100-day gestation fetal lambs (the same ges- 
tational age that the cylinders were implanted in this study) 


_ healed without scar formation during the 14 days of ob- 


servation.'! By harvesting fluid at intervals from 1 to 21 
days, we sampled a full spectrum of fetal wound healing, 
from early to late. 

Fetal wound cylinder implantation sites of the groin 
and axilla were chosen because the excess skin folds and 
subcutaneous space in these locations most easily accepted 
the fetal cylinder from a technical standpoint. Flank im- 
plantation sites in the adult ewe were chosen from ex- 
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Fic. 1. HA levels in adult and 
fetal wound fluid. As detailed 
in Materials and Methods, 
100 uL of wound fluid at 
each time point was assayed 
using a newly developed 
HABP assay. Error bars rep- 
resent the standard deviation 
of each value run in triplicate. 
Student’s z test was used for 
statistical analysis. 
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THEORETICAL MODEL FOR HA DEPOSITION IN WOUNDS 


FIG. 2. Conceptualized Fetal 


drawing for the mechanism 
of HA deposition in wounds. 
In fetal wounds, HASA in- 
creases before HA and the 
sustained elevation of HASA 
underlies the prolonged 
presence of HA. In contrast 
HASA is not present in adult 
wounds at any time. HA is 
present only initially and is 
subsequently degraded by 
hyaluronidase. 


Level 


perience and convenience. Adult sheep spend a great deal 
of time in the prone position and crush wound cylinders 
implanted in the groins, axilla, or abdomen. The wound 
cylinder must maintain its shape to create dead space and 
the flattened cylinders failed to yield wound fluid. The 
subcutaneous space over the rib cage is not well developed 
and it is technically difficult to implant the large adult 
cylinder into it. Finally implanting wound cylinders into 
the flanks of ewes was technically easy and allowed us to 
avoid the problems associated with the other potential 
sites. 

The fetal and adult data differed dramatically. Hyal- 
uronic acid was present early in both fetal and adult fluid. 
However after 3 days HA essentially was undetectable in 
the adult samples, whereas it remained significantly ele- 
vated in fetal samples between 7 and 21 days. 

We recently documented a mechanism for the modu- 
lation of HA deposition in the fetus. Fetal serum, amniotic 
fluid, wound fluid, and a number of fetal tissues all contain 
HASA.!5!619,31,32 Fetal wound fluid contained increased 
HASA levels in samples harvested from 1 to 14 days after 
wounding.’? The prolonged elevation of HASA is one 
likely mechanism for the persistent presence of HA in 
fetal wound fluid. Based on these studies we developed a 
conceptualized model for prolonged HA deposition in fe- 
tal wounds (Fig. 2). Our model suggests that hyaluronidase 
activity increases in the adult wound after 3 days. Studies 
are in progress to evaluate the activity of hyaluronidase 
and its inhibitors in fetal and adult wound fluid. 

The prolonged presence of HA in fetal wounds provides 
a unique environment that promotes the highly ordered 
matrix observed in the ECM of fetal wounds. We previ- 
ously showed that collagen is deposited rapidly and in a 
pattern indistinguishable from unwounded fetal skin in 
100-day gestation lambs.'! The signals for this type of 
organization may be mediated through a wound matrix 
rich in HA. Hyaluronic acid is known to affect collagen 
synthesis. Chandrakasan et al. demonstrated that the 
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HA 
HA 
HASA 
HA‘ase 
HA‘ase 
14 0 7 14 
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deposition of type III collagen by fibroblasts is elevated 
by exogenous HA added to the media. Normal fetal tissue 
and granulation tissue have a much higher content of 
type III collagen that does normal adult tissue.” Scott 
and Hughes* noted that early in development, fetal col- 
lagen fibrils were smaller in diameter when HA was more 
abundant. Furthermore the ratio of type I to type IH col- 
lagen determines the diameter of collagen fibrils.” These 
studies provide convincing evidence that collagen orga- 
nization in the process of fetal wound healing is modulated 
by the presence of HA in the ECM. 

Our previous work demonstrated a ‘spectrum’ of fetal 
incisional wound healing patterns, with a transition to 


_ adult-type healing and scar formation midway through 


the last trimester in fetal lambs.'' Wound fluid from cyl- 
inders implanted late in gestation (7.e., at 120 days) may 
show an adultlike pattern of HA deposition. If this is true, 
the pattern of HA in wound fluid can be used as a marker 
for ‘fetal’ or ‘adult’ phenotype in wound repair. Studies 
are underway to investigate this possibility. 

The finding of a prolonged presence of HA in fetal 
wound fluid and its association with scar-free healing has 
major clinical implications. Hyaluronic acid has been 
demonstrated to enhance postnatal healing following 
tympanic membrane perforation and scratch incision.”*”° 
Hyaluronic acid also was shown to decrease adhesions 
after tendon repair. Thus it may be possible to modulate 
wound healing in children and adults to become more 
fetal-like, by the prolonged application of HA or HA- 
protein complexes to the healing wound.*® 


References 


1. Robinson BW, Goss AN. Intra-uterine healing of fetal rat cheeks 
wounds. Cleft Palate J 1981; 18:251-255. 

2. Roswell AR. The intra-uterine healing of foetal muscle wounds: 
experimental study in the rat. Br J Plast Surg 1984; 37:635-642. 

3. Goss AN. The intrauterine healing of fetal rat oral mucosal, skin, 
and cartilage wounds. J Oral Pathol 1977; 6:35-43. 


296 


10. 


“Lf, 


20. 


21, 


Krummel TM, Nelson JM, Diegelmann RF, et al. Fetal response 
to injury in the rabbit. J Pediatr Surg 1987; 22:640-644.- 

Adzick NS, Harrison MR, Glick PL, et al. Comparison of fetal, 
newborn, and adult wound healing by histologic, enzyme-his- 
tochemical, and hydroxyproline determinations. J Pediatr Surg 
1985; 20:315-319. 


. Krummel TM, Nelson JM, Diegelmann RF, et al. Fetal response 


to injury and its modulation with transforming growth factor- 
beta. Surg Forum 1987; 38:622-623. 


. Delozier J, Nanney LB, Hagan K, et al. Epidermal growth factor 


enhances fetal epithelialization. Surg Forum 1987; 38:623-626. 


. DePalma RL, Krummel TM, Nelson JM, et al. Fetal wound matrix 


is composed of proteoglycan rather than collagen. Surg Forum 
1987; 38:626-628. 


. Krummel TM, Nelson JM, Diegelmann RF, et al. Wound healing 


in the fetal and neonatal rabbit. Surg Forum 1986; 37:595-596. 

Kistler A, Utsugi R, Ihara S. Wound healing in fetal limb organ 
culture. Ann Plast Surg 1988; 21:303~309. 

Longaker MT, Whitby DJ, Adzick NS, et al. Studies in fetal wound 
healing: VI. Second and early third trimester fetal wounds dem- 
onstrate rapid collagen deposition without scar formation. J Pe- 
diatr Surg 1990; 25:63-69. 


. Hallock GG. In utero cleft lip repair in A/J mice. Plast Reconstr 


Surg 1985; 75:785-788. 


. Sullivan WG. In utero cleft lip repair in the mouse without an in- 


cision. Plast Reconstr Surg 1989; 84:723~730. 


. DePalma RL, Krummel TM, Durham LA IIL et al. Characterization 


and quantitation of wound matrix in the fetal rabbit. Matrix 
1989; 9:224-231. ' 


. Decker M, Chiu E, Moun A, et al. A hyaluronic acid stimulating 


factor from the bovine fetus and from breast cancer patients. 
Cancer Res 1989; 49:3499-3505. 


. Longaker MT, Harrison MR, Crombleholme TM, et al. Studies in 


fetal wound healing: I. A factor in fetal serum that stimulates 
deposition of hyaluronic acid. J Pediatr Surg 1989; 24:789-792. 


. Longaker MT, Harrison MR, Langer JC, et al. Studies in fetal wound 


healing: I. A fetal environment accelerates fibroblast migration 
in vitro. J Pediatr Surg 1989; 24:793-798. 


. Longaker MT, Langer JC, Crombleholme TM, et al. Studies in fetal 


wound healing: III. Early deposition of fibronectin distinguishes 
fetal from adult wound healing. J Pediatr Surg 1989; 24:799- 
805. 


. Longaker MT, Chiu ES, Harrison MR, et al. Studies in fetal wound 


healing: IV. Hyaluronic acid stimulating activity distinguishes 
fetal from adult wound fluid. Ann Surg 1989; 210:677-682, 

Crombieholme TM, Harrison MR, Langer JC, et al. Early experience 
with open fetal surgery for congenital hydronephrosis. J Pediatr 
Surg 1988; 23:1 114-1121. 

Harrison MR, Langer JC, Adzick NS, et al. Correction of congenital 
diaphragmatic hernia in utero. V. Initial clinical experience. J 
Pediatr Surg 1990; 25:47-57. 


LONGAKER AND OTHERS 
22. 


23. 
24. 
2D: 
26. 
27. 
28. 
29. 
30. 


31. 


32. 
33. 
34. 
35. 


36. 


37. 


38. 


Ann. Surg. « April 1991 


Kujawa MJ, Tepperman K. Culturing chick muscle cellls on gly- 
cosaminoglycan substrates: attachment and differentiation. Dev 
Biol 1983; 99:277-286. 

Toole BP. Glycosaminoglycans in morphogenesis. Jn Hay ED, ed. 
Cell Biology of Extracellular Matrix. New York: Plenim Press, 
198 1:259-294, 

Hellstrom S, Laurent C. Hyaluronic acid and healing of tympanic 
membrane perforations. An experimental study. Acta Otolaryngol 
Suppl 1987; 442:54-61. 

Abatangelo G, Martelli, Vecchia P. Healing of hyaluronic acid-en- 
riched wounds: histological observations. J Surg Res 1983; 35: 
410-416. 

Thomas SC, Jones LC, Hungerford DS. Hyaluronic acid and its 
effect on postoperative adhesions in the rabbit flexor tendon. Clin 
Ortho Rel Res 1986; 206:28 1-289. 

Hunt TK, Twomey P, Zederfelt B, et al. Respiratory gas tensions 
and pH in healing wounds. Am J Surg 1967; 114:302-307. 

Schilling JA, Joel W, Shurley HM. Wound healing: a comprehensive 
study of the histochemical changes in granulation tissue contained 
in stainless steel wire mesh and polyvinyl sponge cylinder. Surgery 
1959; 46:702~708. 

Harrison MR, Jester JA, Ross NA. Correction of congenital dia- 
phragmatic hernia in utero. I. The model: intrathoracic balloon 
produces fatal pulmonary hypoplasia. Surgery 1980; 88:174~182. 

Tengblad A. Affinity chromatography on immobilized hyaluronate 
and its application to the isolation of hyaluronate binding proteins 
from cartilage. Biochim Biophys Acta 1979; 578:28 1-289, 

Longaker MT, Adzick NS, Hall JL, et al. Studies in fetal wound 
healing: VII. Fetal wound healing may be modulated by hyal- 
uronic acid stimulating activity in amniotic fluid. J Pediatr Surg 
1990; 25:430-433. 

Longaker MT, Adzick NS, Sadigh D, et al. Hyaluronic acid stim- 
ulating activity in the pathophysiology of Wilms’ tumors. JNCI 
1990; 82:135~139. 

Chandrakasan G, Rutka J, Stern R. Hyaluronic acid stimulates col- 
lagen synthesis and levels of type IH collagen in cultures of human 
fibroblasts. J Cell Biol 1986; 103:252(Abstr). 

Merkel JR, DiPaolo BR, Hallock GC, Rice DC. Type I and type UI 
collagen content of healing wounds in fetal and adult rats. Proc 
Soc Exp Biol Med 1988; 187:493-497. 

Scott JE, Hughes EW. Proteoglycan-collagen relationships in de- 
veloping chick and bovine tendons. Influence of the physiological 
environment. Conn Tiss Res 1986; 14:267-278. 

Burgeson RE. Genetic heterogeneity of collagens. J Invest Dermatol 
1982; 79:25-30. 

Glanville RW. A comparison of models for the macromolecular 
structure of interstitial and basement membrane collagens. Arznei 
Forsch/Drug Res 1982; 32:1353-1357. 

Burd DAR, Siebert JW, Ehrlich HP, Garg HG. Human skin and 
post-burn hyaluronan: demonstration of the association with 
collagen and other proteins. Matrix 1989; 9:322~327. 





Have Changing Treatment Patterns Affected 
Outcome for Operable Breast Cancer? 
Ten-year Follow-up in 1288 Patients, 1965 to 1978 
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From 1965 to 1978, 1288 patients with primary operable breast 
cancer were treated by the senior author, using extended radical 
(ERM), radical (RM), and modified radical (MRM) mastectomy 
operations exclusively. Results were analyzed for trends in overall 
and disease-free survival, and patterns of local and distant re- 
lapse, the years 1965 to 1970 versus 1971 to 1974 versus 1975 
to 1978. Significant changes (p < 0.00001) from 1965 to 1978 
included progressively earlier stage of disease, less frequent use 
of RM and ERM, a decline in the use of postoperative radio- 
therapy, and the introduction in 1975 of multidrug adjuvant che- 
motherapy. Ten-year disease-free survival rates improved sig- 
nificantly for all patients (by 11%, p = 0.00004) and for node- 
negative (by 12%, p = 0.0024), node-positive (by 8%, p = 0.012), 
clinical stage II (by 15%, p = 0.0022), and pathologic stage H 
(by 12%, p = 0.016) disease. Ten-year local recurrence for all 
patients was 3% (local only) and 2% (local with distant metas- 
tasis), and survival from date of recurrence for all patients failing 
treatment increased two times (p < 0.0001) for patients treated 
most recently. As the primary surgical treatment of breast cancer 
continues to become more moderate, the promise of systemic 
adjuvant therapies can be realized only with continued emphasis 
on earlier diagnosis and maximal local control of disease. 


markable changes in the management of primary 

operable breast carcinoma. The Halstead radical 
mastectomy, a standard since the 1890s, has yielded to 
modified radical mastectomy and breast-conserving ap- 
proaches combining surgery and radiotherapy, encour- 
aged by the results of randomized trials with follow-up 
now exceeding 10 years.'* Postmastectomy radiotherapy 
has been used with decreasing frequency, particularly for 
stages I and II disease, and systemic adjuvant therapy (cy- 
totoxic and hormonal) has come into widespread use. De- 
spite these factors nationwide survival statistics for op- 


| N THE LAST TWO decades we have witnessed re- 
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erable breast cancer have not improved significantly in 
recent decades? and no long-term studies have demon- 
strated survival rates for breast conservation exceeding 
those of comparable patients treated by radical surgery. 
This study reports the results of a large single-surgeon 
experience with 1288 patients treated from 1965 to 1978 
and followed 10 years, with particular attention to trends 
in pattern of primary treatment, local/distant failure, and 
long-term survival. Because the primary treatment of 
breast cancer has become increasingly heterogeneous in 
the 1980s, these patients (treated exclusively by radical 
surgery) comprise a unique historical reference for future 
studies. 


Patients and Methods 


Between 1965 and 1978, 1395 patients with primary 
operable breast carcinoma were treated by the senior au- 
thor (J.A. Urban) on the Breast Service, Department of 
Surgery, at Memorial Sloan-Kettering Cancer Center. 
Excluding 107 patients with noninvasive tumors (intra- 
ductal or lobular carcinoma in situ), 1288 patients with 
invasive carcinomas form the basis of this study and were 
grouped into three cohorts: 1965 .to 1970 (493 patients), 
1971 to 1974 (347 patients), and 1975 to 1978 (448 pa- 
tients). The 1965 to 1970 patients formed the basis of a 
previous report,* but for this study all data were updated 
and reanalyzed with particular attention to patterns of 
local recurrence. | 

‘All patients were judged to have operable disease and 
the only criteria of inoperability were supraclavicular dis- 
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ease, arm edema, inflammatory carcinoma, distant me- 
tastases, or medical contraindications to general anes- 
thesia. Excluded were patients with a previous breast (or 
other) cancer, but patients with bilateral (synchronous or 
subsequent) breast cancers were included. 

All were treated by radical surgery, using radical mas- 
tectomy (RM), extended radical mastectomy (ERM), and 
modified radical mastectomy (MRM) selectively. Mod- 
ified radical mastectomy was used for patients with the 
smallest tumors and clinically negative axillae. Extended 


TABLE 1. Patient and Tumor Characteristics 


Data 


1965-1970 1971-1974 1975-1978 
No. patients 493 347 448 
Age: Mean (years) $4.5 55.8 56 
Range ` 22-85 26-85 © 25-87 
% <50 . 37 29 30 
Tumor location i 
U0Q% 4} 44 47 
LOQ% 22 14 li 
UIQ% 21 22 22 
LIQ% 7 10 9 
C% 9 7 9 
Tumor size (cm) 
Clinical 
Mean NA 21 2:3 
Median NA 2.0 2.0 
Range NA 0.5-9.0 0.3-8.0 
Pathologic 
Mean 25 2.4 Liz 
Median 2.0 2.0 2.0 
Range 0.2-9.8 0.3--9.0 0.3-9.0 
Tumor type 
Inv. duct% 92 95 94 
Inv. lobular% 8 5 6 
Favorable % 3 4 3 
- (incl. medullary, 
colloid, tubular, 
papillary) ` 
Axillary nodes 
Clinical 
Neg. (NO, N1a)% Toe 84 83 
Pos. (N1b)% 25 16 17 
Pathologic 
nodes removed {mean #) 
Ax, level I NA 1] 13 
Ax. level II NA 5 5 
Ax. level HI NA 6, 5 
Total NA l 23 23 
Highest level positive ; 
Neg. % 56 6. 59 
I% 22 a 24 
I% 1] & 9 
MH% : 11 G 8 
No. nodes positive 
0% 56 61 59 
1-3% 28 25 
>3% | p 11 16 
Micromets 
Only % NA 8 9 


UOQ, upper outer quadrant; LOQ, lower outer quadrant; UIQ, upper 
inner quadrant; LIQ, lower inner quadrant; C, central; NA, not applicable. 
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TABLE 2A. Patterns of Treatment by Years Treated 


Treatment 1965-1970 1971-1974 1975-1978 

Operation 

RM # (%) 351 (71) 227 (65) 193 (43) 

ERM # (%) 102 (21) 48 (14) 45 (10) 

MRM # (%) 40 (8) 72 (21) 210 (47) 
Contralat BX 

Pos. % 7.3 10.4 10.7 

Neg. % 75 76.3 80 

Not done % 17.7 13.3 9.3 
Postop RT 

Yes % 42 33 27 

No % 58 67 73 
Chemotherapy 

Yes %* 0 0 19 

No % 100 100 81 


radical mastectomy was used for patients with larger, 
medially located tumors and RM for the remaining pa- 
tients. Operative technique was as previously described.” 
All patients had full axillary dissections and no special 
nodal ‘clearing’ methods were used in pathologic ex- 
amination. Contralateral breast biopsy was performed 
in most cases. 

All patients were staged clinically and pathologically 
using the 1983 American Joint Committee on Cancer 
classification (stage I, TINO; stage II, T2NO, T1-2N1; stage 
HI, T3NO~1).° Follow-up for most patients was main- 
tained by regular in-office examination, and for the re- 
maining patients from hospital records, by telephone, and 
by questionnaire; median follow-up was 10.3 years and 
was complete at 5 years in 97% and at 10 years in 93% 
of all patients. 


Statistical Methods 


All statistical analyses were done using BMDP programs 
(BMDP Statistical Software, Los Angeles, CA, 1988 re- 


TABLE 2B. Operation Type by Stage of Disease 


Operation I II Ill Total 
Clinical Stage # (%) 
RM 342 (51) 373 (70) 46 (65) 761 (60) 
ERM 78 (11) 102 (19) 15 (20) 195 (15) 
MRM 253 (38) 57 (11) 22 (15) 322 (25) 
Total 673 (100) 532 (100) 83 (100) 1288 (100) 
Pathologic Stage # (%) 
RM 242 (49) 474 (67) 45 (70) 761 (60) 
ERM 55 (11) 125 (18) 15 (21) 195 (15) 
MRM 207 (40) 117 (15) 8 (9) 322 (25) 
Total 504 (100) 716 (100) 68 (100) 1288 (100) 


RM, radical mastectomy; ERM, extended dics mastectomy; MRM, 


modified radical mastectomy. 
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Fic. 1. Distribution of operation type by year of treatment, 1965-1978 
(p < 0.00001). 


t 


lease) on an IBM PS/2 Model 70 E61 computer (IBM, 


Armouk, NY). Overall and disease-free survival rates were 
determined using the life table method (BMDP 1L). Pa- 
tients dying of other causes and known to be cancer free 


were censored, while patients dying of unknown causes: 


_ were considered dead of disease. The significance of sur- 
vival differences was tested by the log rank method 
(BMDP 1L), univariate comparison of group means by 
Student’s t test (BMDP. 3D), and association between cat- 


- egorical variables by the Pearson chi square test (BMDP. 
4F). Multivariate analysis employed the Cox proportional . 


hazards model, using stepwise regression by the maxi-. 
mized partial likelihood ratio method (BMDP 2L).’? | 


Results 


Table 1 compares a variety of patient and tumor char- 


acteristics among the three time cohorts. Although median | 
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tumor size was constant), there was a significant trend 
toward smaller mean size (p = 0.0001). 

Fewer patients in more recent years had clinically 
positive axillae (p = 0.003), although the pathologic ex- 
tent of axillary node involvement by highest level of me- 
tastasis did not change significantly from 1965 to 1978 
(p = 0.35). Before 1971 axillary involvement was only 
described by anatomic level and not by number of nodes 
involved; from 1971 and after, exact numbers of nodes 
removed and involved were noted for most patients and 
did not change significantly from 1971 to 1978 (p 
= 0.35). 

All patients were treated by radical surgery.(Table 2A), 
with a significant trend during the period studied toward 
fewer RM and ERM, and more MRM (Fig. 1, p < 0.0001). 
Extent of surgery was based both on tumor size and on 
clinical axillary node status (Fig. 2, p < 0.00001). Oper- 
ation type was significantly correlated with clinical and 
pathologic stage of disease (Table 2B, p < 0.00005). 

_ Postoperative radiotherapy was used less often in recent 
years (p < 0.0001). Multidrug adjuvant chemotherapy 
was used only since 1975; in this study patients given 
chemotherapy for less than 6 months or who were given 
single-dose or single-drug regimens were considered not , 
to have been treated. About one third of patients with 
one to three nodes positive and two thirds with more than 
three nodes positive received chemotherapy since 1975 
(Table 3). Four node-negative patients thought to be at 
high risk based on tumor size and/or extensive lymphatic 
permeation also received chemotherapy. _ | 

All patients were staged both clinically and pathologi- 
cally (Table 4). More patients in recent years had stage I 
disease, both clinical (p = 0.001) and pathologic (p 


= 0.005). This downstaging appears to be a result of pro- 


gressively smaller tumor sizes and fewer patients with 
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Fics. 2A and B. Selection of operation type by (A) tumor size (p < 0.00001) and (B) clinical node status (p <0.00001). 
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TABLE 3. Patterns of Chemotherapy Use, 1975-1978 
% Receiving Chemotherapy 
Nodal Status Premenopause Postmenopause Total 
Node negative 2.6 1.1 1.5 
1-3 Nodes 33 28 30 
>3 Nodes 64 64 64 


Total 20 18 19 


clinically positive axillae, although as noted above, patho- 
logic extent (by level or number) of axiilary nodal disease 
did not change significantly during this period. 

Tables 5 and 6 list 5 and 10-year overall and disease- 
free survival rates for the entire patient group, by nodal 
and menopausal status, clinical and pathologic stage, and 
pathologic TNM status. Of note are the 10-year disease- 
free survival rates for node-positive disease: 55% for all 
node-positive, 48% for pathologic stage III, and 34% for 
patients with level III axillary node involvement. 

In Tables 7 to 10, survival by stage, menopausal and 
nodal status is listed, comparing the results within each 
subgrouping by chronologic cohorts. Table 7 demonstrates 
survival improvement in the period studied for all patients, 
node negatives, and node positives, all with significant 
probability values. | 

Survival by menopausal status and number of axillary 
metastases (Table 10) is reported only for 1971 to 1974 
and 1975 to 1978; exact numbers of nodes were not re- 
ported before 1971. The most striking, and only signifi- 
cant, improvement is seen in the premenopausal, one to 
three node-positive group, although small numbers of pa- 
tients are involved, and only one third of the 1975 to 
1978 group received adjuvant chemotherapy (Table 3). 
No significant improvement was noted in any other 
grouping by menopausal status and number of axillary 
metastases. 

Tables 11 and 12 list patterns of 10-vear local recur- 
rence, for all patients whose first site of treatment failure 
was a local recurrence (parasternal, skin flap, chest wall, 
or axillary) without evidence of distant metastases. Su- 


TABLE 4. Stage of Disease 
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TABLE 5. Survival Totals by Nodal Status, 1965-1978 


5 Years 10 Years 
No. Overall NED Overall NED 
Nodal Status Patients % %o % % 
Premenopause 
Node neg. 230 95 88 90 85 
Node pos. 186 76 63 65 57 
Total 416 87 77 79 72 
Postmenopause 
Node neg. 521 92 87 88 80 . 
Node pos. 351 79 65 63 54 
Total 872 87 78 78 70 
All Patients 
Node neg. 750 93 87 89 82 
Node pos. 538 78 65 64 55 
LI+ 299 85 74 71 64 
L II + 117 81 64 67 55 
L III + 122 60 43 43 34 
Total 1288 87 78 79 71 


NED, no evidence of disease. 


praclavicular node relapse was not considered a local fail- 
ure. An additional 2% of the entire group had local re- 
currence coincident with (or subsequent to) the devel- 
opment of distant metastases. By clinical and pathologic 
stage (Table 12), local recurrence increased with increasing 
stage. Because of the small numbers of patients developing 
local recurrence, there were no significant differences in 


TABLE 6. Survival Totals by Stage and TNM Status, 1965-1978 


Stage 1965-1970 1971-1974 1975-1978 
AJC Clinical 
I # (%) 225 (46) 178 (51) 270 (60) 
II # (%) 245 (49) 139 (40) 148 (33) 
III # (%) 23 (5) 30 (9) 30 (7) 
AJC Pathologic 
I # (%) 165 (34) 138 (40) 201 (44) 
II # (%) 305 (62) 188 (54) 223 (50) 
HI # (%) 23 (4) 21 (6) 24 (6) 


5 Years 10 Years 
Stage No. Patients Overall% NED% Overall% NED% 
Clinical 
I 673 94 87 88 81 
II 532 80 69 68 60 
III 83 72 61 69 55 
Pathologic 
I 504 96 91 93 87 
II 716 82 70 69 61 
III 68 67 54 61 48 
TNM (Pathologic) 
TINO 504 96 91 93 87 
T2NO0 237 86 78 79 73 
T3N0 23 100 94 100 83 
TINI 215 86 74 76 67 
T2NI 264 74 58 54 45 
T3NI 45 61 52 53 48 
Total 1288 87 78 79 71 


NED, no evidence of disease. 
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Nodal Status 


Node Negative 
1965-1970 
1971-1974 
1975-1978 


Node Positive 
1965-1970 
1971-1974 
1975-1978 


Total Patients 
1965-1970 
1971-1974 
1975-1978 
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TABLE 7. Survival by Nodal Status 


NED, no evidence of disease. 


Stage/Y ears 


Stage I 
1965-1970 
1971-1974 
1975-1978 


Stage II 
1965-1970 
1971-1974 
1975-1978 


Stage HI 
1965-1970 
1971-1974 
1975-1978 


Stage I 
1965-1970 
1971-1974 
1975-1978 


Stage H 
1965-1970 
1971-1974 
1975-1978 


Stage III 
1965-1970 
1971-1974 
1975-1978 


5 Years 10 Years 
No. Overall NED Overall NED 
Patients % % % % 
274 88 82 82 75 
213 95 90 89 84 
263 97 91 96 87 
(p = 0.0024) 
219 71 62 58 51 
134 74 61 58 56 
185. 92 70 77 59 
(p = 0.012) 
493 gI 73 72 65 
347 87 79 77 73 
448 95 82 89 76 
í (p = 0.0004) 
TABLE 8. Survival by Year Treated 
5 Years 10 Years 
No. Overall NED Overall NED 
Patients % % % % 
Clinical Stage 
225 9] 86 86 79 
178 94 88 88 83 
270 97 88 91 82 
(p = 0.72) 
245 72 63 58 52 
139 82 72 70 67 
148 93 76 85 67 
(p = 0.0022) 
23 64 56 64 50 
30 63 53 52 45 
30 85 67 80 62 
(p = 0.39) 
Pathologic Stage 
165 93 88 88 83 
138 98 93 94 89 
201 98 93 97 89 
(p = 0.22) 
305 75 66 62 55 
188 82 7! 68 65 
223 93 75 8 1 67 
(p = 0.016) 
23 64 56 64 50 
2i 56 47 45 ål 
24 80 59 73 53 
(p = 0.69) 





NED, no evidence of disease. 
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TABLE 9. Survival by Menopausal and Nodal Status 


No. 
Years Patients 

Premenopausal 
1965-1970 99 
1971-1974 5I 
1975-1978 80 
1965-1970 85 
1971-1974 49 
1975-1978 52 
1965-1970 184 
1971-1974 100 
1975-1978 132 
Postmenopausal 
1965-1970 175 
1971-1974 162 
1975-1978 184 
1965-1970 134 
1971-1974 85 
1975-1978 132 
1965-1970 309 
1971-1974 248 
1975-1978 316 


5 Years 
Overall NED Overall 
% % % 
Node Negative 
91 86 86 
96 90 87 
98 90 98 
Node Positive 
68 60 59 
75 59 58 
93 73 82 
Total 
80 74 74 
86 75 73 
97 83 93 
Node Negative 
87 80 79 
94 89 90 
96 9] 94 
Node Positive 
73 63 57 
73 62 58 
9] 69 75 
Total 
g1 73 70 
87 80 79 
94 82 87 


10 Years 


NED 
ho 


TI 
83 
89 
(p = 0.00 6) 





NED, no evidence of disease, 


local recurrence rates by year of treatment in either zhe 
entire patient group (p = 0.13) or in any subgrouping by 


stage or extent of axillary involvement. 


Table 13 reports 5-year survival from date of first treat- 
ment failure for all patients who experienced recurret.ce, 
by site of first recurrence, local-only versus local-w-th- 
distant, and distant-only. These survival rates improve 
strikingly for the most recent patient group (1975 to 1978), 
and by a significant margin in the larger group with disant 
disease. Expressed as months of median survival (+ SEM), 
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TABLE 10. Survival by Menopausal Status and 
Number of Nodes Positive 


5 Years 10 Years 
No. Overall NED Overall NED 
Years Patients % % % %  , 
Premenopausal 
1-3 Nodes+ 
1971-1974 40 73 57 53 5] 
1975-1978 32 97 87 87 83 
(p = 0.01) 
Total 72 83 70 67 65 
>3 Nodes+ 
1971-1974 9 75 50 63 50 
1975-1978 20 8&8 56 74 50 
(p = 0.613 
Total 29 84 54 70 50 
Postmenopausal 
1—3 Nodes+ 
1971-1974 58 78 73 65 65 
1975-1978 gi 91 76 80 66 
(p = 0.96) ` 
Total 139 86 75 73 66 
>3 Nodes+ 
1971-1974 27 61 37 37 33 
1975-1978 52 91 58 68 38 
(p = 0.18) 
Total 79 79 50 56 36 
Total Patients 
1-3 Nodes + 
1971-1978 211 85 73 71 66 
>3 Nodes + 


1971-1978 108 81 52 60 40 


Pa 


NED, no evidence of disease. 


a similar improvement was seen for all patients failing 
treatment: 22 (+ 3) for patients from 1965 to 1974 versus 
55 (+ 15) for patients from 1975 to 1978. Of note in these 
survival-from-date-of-recurrence statistics is the rapid oc- 
currence of censoring in all groups of patients (most have 
distant metastases), which may distort the accuracy of 
statistical comparisons between groups, i.e., ifall censoring 
in the 1975 to 1978 cohort occurred as a result of death 
from disease, then, in fact, the observed survival advantage 
may only be an artifact. 

In an effort to determine whether disease-free survival 
rates improved by year of treatment independently of 
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TABLE 11. Local Recurrence by Nodal Status 


Nodal Status No. Patients Local Recurrence % 
Node Negative 
1965-1970 274 1.5 
1971-1974 213 3.8 
1975-1978 263 0.8 
Total 750 1.9 
Node Positive 
1965-1970 219 5.0 
1971-1974 134 5.3 
1975-1978 185 3.2 
Total 538 4.5 
All Patients 
1965-1970 493 3.0 
1971—1974 347 4.3 
1975-1978 448 1.8 
Total 1288 3.0 


other known prognostic variables, multivariate analysis 
for all patients treated from 1965 to 1978 was done (Table 
14). The list of covariates was limited deliberately to those 
known to be most predictive of survival (pathologic/clin- 
ical node status, and tumor size). In both univariate and 
multivariate calculations, year of treatment exerts a small 
but significant effect. This may reflect the benefit of treat- 
ment modalities (such as systemic adjuvant chemother- 
apy) added in more recent years, although when the anal- 
ysis was repeated for the 1965 to 1970 and 1971 to 1978 
groups separately (using number of positive axillary nodes 
rather than highest level), year of treatment was unrelated 
to survival, indicating the relatively borderline significance 
of this finding. 


Discussion 


This study was undertaken to examine the ‘bottom line’ 
in a large group of patients treated for operable breast 


TABLE 12. Local Recurrence by Stage 


Clinical Pathologic 
Stage/Y ears No. Patients Local% No. Patients Local % 
Stage I 
1965-1970 225 3.1 165 1.8 
1971-1974 178 22 138 2.9 
1975--1978 270 1.5 201 1.0 
Total 673 2.2 504 1.8 
Stage II 
1965-1970 245 2.4 305 3.3 
1971-1974 139 5.8 188 4.8 
1975-1978 148 1.3 223 1.8 
Total 532 3.0 716 32 
Stage IT] 
1965-1970 23 8.7 23 8.7 
1971-1974 30 16.7 21 10.0 
1975~1978 30 6.7 24 8.3 


Total 83 9.9 68 9.2 
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TABLE 13. Survival from Date of Recurrence by Sité 
of First Recurrence 


Years — No. Patients 5-year Survival % 
Local only 
1965-1970 15 44 
1971-1974 15 35 
1975-1978 8 86 (p= 0.37) 
Total 38 46 
Local/distant or distant only 
1965-1970 153 12 
1971-1974 82 Il 
1975-1978 83 47 (p< 0.0001) 
Total i 318 19 
All patients failing treatment 
1965-1970 168 15 
1971-1974 97 15 
1975-1978 91 47 (p = 0.0001) 
Total 356 21 


cancer with radical surgery during a 13-year period by 
one surgeon at one institution. Did changes in patient 
population, tumor factors, and pattern of local/systemic 
therapy affect 10-year survival rates and local control? 

Progressively earlier stage of disease was a consistent 
finding throughout the study, and perhaps the greatest 
influence on the improved survivals noted. Mean tumor 
size decreased steadily and is part ofa trend at Memorial 
Hospital: mean tumor size was 3 cm in 1194 patients 
(from 1940 to 1943), 3 cm in the first 70 patients having 
extended radical mastectomy (in the early 1950s),° 2.5 
cm (from 1965 to 1970), and 2.2 cm (from 1975 to 
1978). Median was constant at 2 cm (from 1965 to 
1978}, indicating fewer patients with large tumors in 
recent years. Pathologic axillary node involvement de- 
creased comparably: 62.6% positive (1940 to 1945),'° 
55.7% (1950 to 1955),? 44% (1955 to 1964),!! 44% (1965 
to 1970), and 41% (1975 to 1978). These data indicate 
a leveling off both in tumor size (which did nevertheless 
decline significantly from 1965 to 1978) and in fre- 
quency of axillary involvement (which did not). We 
hope that the more widespread and frequent mam- 
mographic screening of the 1980s will result in still ear- 
lier stage at diagnosis. 

Recent data from the SEER Program of the National 
Cancer Institute correlate tumor size and axillary node 
involvement in 24,170 breast cancer patients (treated na- 
tionwide from 1977 to 1982), and indicate a linear rela- 
tionship between the two.'* The present data confirm this 
finding and indicate both by size distribution and extent 
of axillary node involvement (Figs. 3 and 4) that the pa- 
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tients in this study are comparable to those treated for 
operable breast cancer nationwide (of whom the SEER 
data represent about 10%). A frequent explanation for the 
excellent results reported from single-surgeon or single- 
institution studies has been the selection of an unusually 
favorable patient population. The patients in this study 
are, in fact, representative of the average breast cancer 
patient treated nationally, especially for the vast majority 
(94% to 96% in this series) with T1 or T2 disease; the 
T3 (stage III) patients in this study, 4% to 6% of the to- 
tal, by contrast comprise a more favorable group than 
the T3 patients, 10.9% of the total, in the SEER data 
(Fig. 4). 

Primary surgical treatment changed dramatically dur- 
ing the period studied. In 1965, 89.7% of patients under- 
went RM or ERM. By 1978, 73.8% had MRM. The trend 
away from RM and ERM and toward MRM parallels 
that noted in the 1982 National Survey taken by the 
American College of Surgeons (ACS),'? in which the use 
of RM decreased from 48% to 3% in the years 1972 to 
1981, while MRM increased from 28% to 73% during the 
same time period. Overall the pattern of surgical treatment 
nationwide was considerably less radical than 1n the pres- 
ent series. Nationally only 0.6% to 1.1% of patients had 
ERM, and 10.6% to 12.4% had lesser procedures than 
MRM (either total mastectomy alone or partial mastec- 
tomy). This trend has undoubtedly continued, particularly 
in view of the results of randomized studies from Milan 
(10-year follow-up}! and the NSABP B-06 trial (8-year 
follow-up)'* indicating the efficacy of local excision, ax- 
illary dissection, and radiotherapy for patients with fa- 
vorable disease (/.e., smaller tumors and clinically negative 
axillae). While in other prospective randomized studies 
Veronesi and Valagussa!° have questioned the benefit of 
ERM compared with RM, conflicting data from Lacour’® 


TABLE 14. Univariate and Multivariate Analysis Determinants 
of NED Survival 


Variable Chi Square p 
Univariate 
Highest level positive 137 <0.00005 
Clinical node status 5i <0.00005 
Tumor size (pathologic) 48 <0.00005 
Year treated 9.5 0.002 
Multivariate 

Highest level positive 137 <0.0005 
Tumor size (pathologic) 24 <0.0005 
Clinical node status 9,3 0.017 
Year treated 5.7 0.002 


NED, no evidence of disease. 
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Fics. 3A and B. Comparison of patients in this study (1965-1978) with the SEER study (1977-1982),'? by (A) size distribution and (B) percentage 
node positive by tumor size. 
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Fics. 4A~D. Comparison of patients in this study (1971-1978) with the SEER study (1977-1982),'* by extent of nodal involvement for (A) all, (B) 
T1, (C) T2, and (D) T3 patients. 
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and Ferguson!’ demonstrate a role in the subset of patients 
most likely to have involved internal mammary nodes: 
Lacour found that for patients with inner quadrant, ax- 
illary node-positive lesions, the 15-year NED survival rate 
was markedly better with ERM than RM (44% versus 
25%; p = 0.05), and Ferguson found that for inner quad- 
rant tumors, his personal 10-year overall survival rate for 
ERM surpassed RM significantly (86% versus 60%, p 
= 0.025). In the present study the trend toward less radical 
surgical treatment has not adversely affected either local 
recurrence or long-term survival rate. Currently in this 
practice, patients are treated most frequently with MRM 
(65% to 70%), breast conservation (25% to 30%), RM 
(about 5%), and ERM (rarely). 

Postoperative radiotherapy was used with decreasing 
frequency throughout this study, from 42% (from 196% 
to 1970) to 27% (from 1975 to 1978), again parallel to 
trends in the 1982 ACS survey.!? Radiotherapy was given 
selectively for various indications: (1) positive axillarv 
nodes, particularly at levels H and III; (2) large, locallv 
extensive or medially placed primary tumors; or (3) bi- 
opsy-proved internal mammary node metastases (in pa- 
tients not having ERM). Most frequently a ‘hockey stick’ 
portal was used, treating internal mammary and supra- 
clavicular nodes. Few patients received full chest-wall ra- 
diation (usually those with the largest tumors). Because 
complete axillary dissections were performed, radiation 
to the axilla was rare. In all cases radiation was used to 
maximize local control in patients at greatest risk of having 
residual] microscopic local/regional disease. Randomized 
trials of postmastectomy radiotherapy, as recently re- 
viewed by Harris and Hellman’? and, in a meta analysis, 
by Cuzick et al.,!? clearly demonstrated improved local 
control but equivocal survival benefit (perhaps in the range 
of 5%) for treated patients, presumably because the fraz- 
tion of patients with residual local disease and without 
occult systemic metastasis after mastectomy is relatively 
small. Recent thought has increasingly emphasized the 
eradication of occult residual disease by adjuvant che- 
motherapy, although this modality is probably less effec- 
tive than radiotherapy in preventing local recurrence.'!® 
The decreased frequency of postoperative radiotherapy 
from 1965 to 1978 in this study resulted in neither an 
increase in local recurrence nor a decrease in survival. 
Our current practice is to give postmastectomy radio- 
therapy after completion of chemotherapy to patients with 
biopsy-proved internal mammary node disease or more 
locally advanced cancers (stages III to IV, including in- 
flammatory). 

The impact of adjuvant chemotherapy, begun in 1975 
following the reports of Bonnadonna et al.,”° is difficult 
to determine from these data, primarily because the in- 
dications for treatment were still evolving at the time. 
The most striking survival improvement in the 1975 to 
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1978 group was within the subset of 32 premenopausal/ 
one to three node-positive patients (7% of the entire 
group), precisely those patients found in controlled trials 
to benefit most from chemotherapy; however only one 
third of these 32 patients actually received chemotherapy 
after operation. (Table 3). Why so few? Possible expla- 
nations include (1) a relative scarcity of supportive ran- 
domized trial data at the time, (2) short follow-up periods 
for patients treated in trials, (3) the possibility that che- 
motherapy was simply delaying recurrence without af- 
fecting overall survival, and (4) the perceived need for 12 
to 24 months’ total treatment. Since 1978 the criteria for 
adjuvant chemotherapy have become much clearer, with 
a trend toward treatment of many more premenopausal 
patients, ER-negative postmenopausal patients, and node- 
negative patients with additional risk factors. 

Most intriguing is the suggestion in Table 13 that pa- 
tients from 1975 to 1978 failing treatment survived longer 
from date of recurrence than did patients in earlier years. 
If this finding of a twofold prolongation of median survival 
is not artifactual, a clear implication is that multidrug 
chemotherapy (also begun in the mid-1970s) for recurrent 
disease may have exerted a significant survival impact. 
Unfortunately sufficient information about the treatment 
of all patients with recurrent disease was not available to 
address this issue in greater depth. Despite the enormous 
effort and expense devoted to the treatment of recurrent 
breast cancer, surprisingly few studies address the survival 
benefit of such treatment; Ross et al.?! compared survival 
from date of recurrence in patients treated at the M.D. 
Anderson Hospital in the 1970s (using chemotherapy) 
with historical controls (using hormonal measures), and 
demonstrated only a 9- to 12-month improvement in me- 
dian survival. 

The overall and disease-free survival data in this study 
clearly demonstrate that the above trends in primary 
breast cancer treatment have not compromised either 10- 
year cure or local control of disease. Ten-year disease-free 
survival improved significantly for all patients, node pos- 
itives, node negatives, and patients with either clinical or 
pathologic stage II disease. Multivariate analysis suggests 
(with the caveats noted above) that, even when controlled 
for pathologic stage (extent of nodal disease and tumor 
size), survival rate improved by year of treatment. Local- 
only recurrence at 10 years was 3% for all 1288 patients 
(with local-distant recurrence at 2%) and did not increase 
in recent years, despite fewer radical operations and less 
frequent radiotherapy. 

Every patient in this series was treated with the ‘Hal- 
steadian’ premise that a meticulous and thorough local 
treatment, individualized for each patient’s disease and 
with the constant goal of maximizing local control, would 
yield superior long-term survival rates. This assumption 
cannot be proved true despite the excellent results ob- 
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served. Conversely Fisher has hypothesized that because 
_ most breast cancers are systemic from the outset, varia- 
.tions in local treatment (and local control) are unlikely 
to affect survival. The equivalent long-term survival rates 
among the three node-negative and two node-positive 
arms of the NSABP B-04 trial? are consistent with this 
premise, although the survival rates throughout (partic- 
ularly for node-positive patients) are disappointingly low. 
The Halsteadian and Fisher hypotheses are not mutually 
exclusive and should be seen as complementary aspects 
of the same problem. Efforts to improve results further 
in operable breast cancer must seek to combine the sys- 
temic treatment of those patients most likely to have oc- 
cult metastases, with an equally aggressive pursuit of local 
control. Whatever small survival increment is gained by 
systemic adjuvant therapy will otherwise be nullified by 
inadequate local treatment. | 
Since 1978 the local and systemic treatment of breast 
cancer has continued to evolve rapidly. Breast conser- 
vation has become well established as a treatment option 
for patients with early disease. The Milan trial (1973 to 
1980)! comparing quadrantectomy, full axillary dissec- 
tion, and radiotherapy with RM (+ CMF), limited to pa- 
tients with T1NO cancers, showed no overall or disease- 
free survival differences between the two arms at follow- 
up now exceeding 10 years. The NSABP B-06 trial (1976 
to 1984)'* comparing total mastectomy, local excision- 
RT, and local excision alone (all done with axillary dis- 
section) showed no overall or disease-free survival differ- 
ence between total mastectomy and local excision-RT at 
81 months mean follow-up. Of particular note, however, 


was the 39% local relapse rate in patients treated by local 


excision without radiotherapy; the 8-year disease-free 
survival rate in this group was 5% worse (p = 0.01) than 
in patients treated with local excision-RT. A further cau- 
tionary note is sounded by the long-term results of the 
first and second Guy’s Hospital trials”? comparing RM 
with local excision and 3500 to 3800 R radiotherapy (in- 
adequate by current standards). The first trial (1961 to 
1971) showed equivalent survival rates for patients with 
stage I disease (despite more local recurrences in the local 
excision group), but a marked advantage both in local 
recurrence and long-term survival rate for RM in stage II 
patients. The second trial (1971 to 1975), limited to stage 
I patients treated only by experienced full-time surgeons 
in a dedicated breast cancer unit, demonstrated less fre- 
quent local recurrence (p < 0.000009) and better survival 
(p < 0.002) for RM. When adjusted for tumor size, this 
advantage was limited to patients with T1 lesions, precisely 
the group chosen most often at present for breast conser- 
vation. Even with full doses (4500 to 7500 R) of radio- 
therapy to the involved breast, local relapse after breast 
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conservation for early cancers (in data pooled from major 
centers) has averaged 1% to 2% per year for the first 15 
years after treatment.** Another prospective randomized 
trial by Maddox et al.” (1975 to 1978) compares RM and 
MRM in 311 patients with stages I to IH breast cancer. 
Ten-year local relapse was 6% for RM and 11% for MRM 
(p = 0.04). Overall 10-year survival rates did not differ 
‘significantly’ (71% versus 64%, p = 0.14), but among pa- 
tients with node-positive T2 and all T3 tumors there was 
a marked survival advantage for RM (59% versus 38%, p 
= 0.05). The above studies suggest a clear relationship 
between adequacy of local control and long-term disease- 
free survival, although the threshold beyond which local 
recurrence begins adversely to impact overall and disease- 
free survival is unclear. The advantage for radical surgery 
is clearest in patients with more locally advanced disease 
and may be undetectibly small with early cancers. The 
proportion of cancers for which breast conservation is 
appropriate remains controversial, although as the fraction 
of TINO patients increases through earlier detection, this 
number should increase correspondingly. 

The 1288 patients in this series may be among the last 
to be treated exclusively by radical surgery: RM, ERM, 
or MRM. The results are reported in sufficient detail to 
allow comparison with patients staged clinically or patho- 
logically, or grouped by age and extent of axillary node 
involvement. Changing treatment patterns from 1965 to 
1978 did not compromise outcome and, in fact, overall 
results improved. We hope current studies of patients 
treated in this practice since 1978 will continue to dem- 
onstrate the same result. 
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Surgical Prophylaxis of Malignant Melanoma 





MAX H. COHEN, M.D., PH.D., F.A.C.S., BARRY J. COHEN, M.D.,-JANE D. SHOTKIN, R.N., 


and PAULA T. MORRISON, R.N. 


A review of a 14-year experience with prophylactic pigmented 
skin lesion removal is presented. Data obtained during a 4-year 
interval of this 14-year experience is analyzed specifically. During 
this 4-year interval, 250 patients with melanoma were seen. Of 
these patients, 75 with a history of stage I (localized) melanoma 
and three patients with stage II (history of controlled regionally 
metastatic melanoma) underwent removal of multiple skin lesions 
on a prophylactic basis. Of the removed lesions, 28% showed 
hyperplasia, atypia, dysplasia, or melanoma. Nine unsuspected 
in situ, or level I melanomas, and three unsuspected invasive 
melanomas were removed from these 75 melanoma patients while 
excising lesions prophylactically during the 4-year interval. It is 
estimated that four to six additional melanomas were prevented 
by excision of precursor lesions. During the same 4-year interval, 
an additional 112 of approximately 1000 patients without a pre- 
vious history of melanoma underwent prophylactic lesion re- 
movals. In 31% of the 112 patients, there was a history of mel- 
anoma in a first-degree relative. In 22% of the removed lesions 
there was hyperplasia, atypia, or dysplasia. Three cases of mel- 
anoma in situ were detected and it is estimated that an additional 
three to five cases of melanoma were prevented. Atypical findings 
occurred in 71, or 63%, of the patients biopsied, which repre- 
sented 7% of the approximately 1000 patients screened. During 
the 4-year interval, an average of 17.7 lesions were removed 
from each of the 190 melanoma and nonmelanoma patients un- 
dergoing prophylactic skin lesion excision. This was accom- 
plished in one to four sessions per patient. This average reflects 
only those patients who underwent one excision or more and 
does not include those patients treated without operation. When 
including the nonoperated patients screened during this interval, 
the average number of lesions removed was 2.7 per patient. Death 
from new melanomas was prevented during the 14-year period 
of this study as evidenced by the fact that no patient died or 
developed metastatic disease from a cutaneous melanoma that 
was not apparent or known about at the time of first examination. 


HE ORIGINAL DESCRIPTION of melanoma in the , 


English language was by Norris in 1820.' He de- 
scribed a 59-year-old man who on February 6, 
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1817 ‘applied to me in consequence of the inconvenience: 
he felt from a tumor, situated nearly midway between the 
umbilicus and the pubis. He told me that there had always 
been a mole exactly on the same spot and that, nine 
months ago, the skin around this congenital mark as- 
sumed a brownish hue and that from the part thus dis- 
colored a tumor began to arise.’ Later in his course the 
patient experienced ‘increase of restlessness, cough, and 
difficulty of breathing, until death closed his miserable 
existence.” On postmortem examination he had dissem- 
inated melanoma metastases. One has the impression that 
earlier removal of his infraumbilical lesion may have pre- 
vented his death. 

It has been recognized since 1897 that the melanocyte, 
which is the cell of origin of melanoma, is also the cell of 
origin of pigmented, benign lesions.* The production of 
melanin by melanocytes in normal skin affords protection 
from sun exposure, as melanocytes replicate in response 
to ultraviolet light.’ Melanocytes are also a component 
of ‘nevi,’ defined as ‘malformations’ of the skin containing 
a ‘local excess’ of components of normal skin,* notably 
melanocytes, where they are referred to as ‘nevus cells.’ 
In melanocytic nevi the melanocytes, or nevus cells, dem- 


onstrate abnormalities affecting their growth population 


density, morphology, and melanogenesis.° Melanocytic 


nevi may be subdivided into common blue nevi, cellular 


blue nevi (whose slight malignant potential has been con- 
sidered by us and others®’), congenital nevi, and acquired 
nevi. Acquired nevi, being quantitatively the most 1m- 
portant, generally are thought to begin as junctional nevi. 
These are so named because of the proliferation of me- 
lanocytes (‘nevus cells’) at the junction of the epidermis 
and dermis, along the basal layer.of the epidermis. Nevus 
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cells proliferate within the epidermis and then drop into 
the dermis where they mature to form the intradermal 


nevus. The compound nevus is a transitional phase in - 


which both junctional and intradermal components are 
present.® 

This intraepidermal melanocytic proliferation, or 
‘junctional activity,’ has been of particular concern in re- 
lation to melanoma development and the junctional nevus 
has been regarded as a possible melanoma precursor.” *? 
Nevi of the palms, soles, and genital region are thought 
to be almost always junctional in nature, and although it 
was recognized that most junctional nevi would remain 
benign, their prophylactic excision was recommended for 
diagnosis and for prevention of melanoma.!!~'? 

Pack et al.'* had more than 3000 cases of melanoma 
in a personal series. He and Davis thought that 90% of 
melanomas arose in pre-existing junctional nevi and rec- 
ommended prophylactic removal of pigmented skin le- 
sions under many conditions, including deeply pigmented 
nevi in blond or redheaded individuals or individuals who 
have a sandy complexion and who freckle on exposure 
to sunlight. He noted that whereas only 11% of the Amer- 
ican white population has this coloration, more than 65% 
of patients with melanoma have this type of skin. Nevi 
subject to repeated irritation or infection, or showing in- 
crease in size or pigmentation, were recommended for 
prophylactic removal.'' Schwartz,'> in his textbook of 
surgery, discussed melanoma development from the 
junctional component of nevi and recommended, without 
reservation or qualification, that lesions considered to be 
junctional nevi should be excised. 

The description of dysplastic nevi and the familial 
atypical multiple mole syndrome®'**? emphasized the 
familial nature of melanoma and described characteristics 
of precursor dysplastic lesions associated with increased 
risk for melanoma development. Titus-Ernstoff, Duray, 
and coworkers** recommended that melanoma patients 
may benefit from prophylactic excision of nevi suspicious 
of being dysplastic. Greene indicated that prophylactic 
removal of dysplastic nevi was warranted for lesions lo- 
cated in the scalp, in immunosuppressed patients, in cases 
in which many atypical nevi were present on clinical ex- 
amination, or where the presence of preneoplastic lesions 
created serious emotional diffculty.” He also indicated 
that because the dysplastic nevus syndrome was recog- 
nized only recently, its optimal management is still being 
determined and definitive recommendations must await 
additional follow-up. Ackerman?® objected to the term 
‘melanocytic dysplasia’ and questioned the significance 
of dysplastic nevi. However he acknowledged that if spo- 
radic or familial dysplastic nevi were truly common pre- 
cursors of malignant melanoma, as maintained by other 
workers and by the National Institutes of Health Consen- 
sus Development Conference on melanoma precursors,” 
then ‘it becomes mandatory for clinicians not only to rec- 
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ognize these lesions but also to remove them prophylac- 


_ tically as well.’ * 


The results of an active approach such as that men- 


‘tioned by Pack, Schwartz, Titus-Ernstoff, and Ackerman 


have not been described previously, especially in the dys- 
plastic nevus era of the past decade. The purpose of this 
study was to review the results of a 14-year experience 
during which an active role in pigmented lesion removal 
was undertaken. This was an experience that began 
around the time of the descriptions of the familial mole 
syndromes and the re-emphasis on precursor lesions in 
melanoma development. Around the same time we re- 
ported the efficacy of individual lesion destruction as a 
method of control of locally metastatic melanoma.”® In 
that study, through the individual destruction of thou- 
sands of melanoma satellite lesions with intralesional in- 
jections of the chemical dinitrochlorobenzene, some pa- 
tients with dozens of metastatic melanoma lesions were 
rendered free of disease and have remained so to the pres- 
ent time, more than 13 years later. In the current study 
we again used an ‘individual lesion destruction’ approach, 
directed against selected nonmalignant lesions. This was 
intended as a prophylactic maneuver in light of evidence 
that melanoma development often proceeded through a 
phase in which simple excision of a precursor lesion could 
prevent development of a melanoma that otherwise would 
progress to an untreatable, fatal condition with distant 
metastases. 

The current study concentrated on lesions removed 
prophylactically, rather than on lesions removed from 
patients referred because of an apparent melanoma. We 
determined the proportion of prophylactically removed 
lesions showing melanocytic atypia, hyperplasia, or dys- 
plasia. We tried to assess the efficacy of multiple skin lesion 
removal as a method to prevent new primary melanomas 
in patients with and without a history of previous mela- 
noma. In addition, whereas previous studies presented 
statistics regarding dysplasia in melanoma patients, no 
attempt was made previously to present lesion excision 
data for stage I (localized) melanoma patients as a 
subgroup. It is in these stage I patients that prophylactic 
lesion removal to prevent a potentially lethal second pri- 
mary melanoma may be of greatest benefit, as compared 
to prophylactic lesion removal in melanoma patients with 
a history of stage II (regionally metastatic) or stage HI 
(disseminated) disease. 


Materials and Methods 


All of the pigmented lesion patients in this study were 
cared for by a single surgeon (MH Cohen) during the past 
14 years. When specific numeric data are recorded, they 
were obtained from a record review of patients operated 
on during a 4-year interval around the middle of the over- 
all 14-year period. A total of 250 melanoma patients were 
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seen during the 4-year time period. All of these patients 
were postpubertal when first diagnosed with melanoma. 
Seventy-eight of these 250 melanoma patients underwent 
prophylactic pigmented lesion removal, as will be dis- 
cussed. In addition approximately 1000 patients without 
a history of melanoma were evaluated, of whom 112 also 
underwent prophylactic lesion removals during the same 
4-year interval. 

Patients undergoing removal of one to three skin lesions 
typically had the procedure performed in an office setting. 
Those having more lesions removed were operated on in 
an out-patient surgery facility, under local anesthesia, us- 
ing 0.5% Xylocaine® (lidocaine HCl) with epinephrine 
1:100,000 (Astra Pharm-Products Westborough, MA). We 
limited the amount of lidocaine to 7 mg/kg of body weight. 
which, in a 70-kg patient translated to approximately 500 
mg, or 100 mL of a 0.5% solution. The addition of a 
sodium bicarbonate solution to the Xylocaine® solution 
resulted in a marked reduction or elimination of the dis- 
comfort associated with tissue infiltration. This was ac- 
complished by adding 25 meq of sodium bicarbonate (25 
mL of a standard 8.4% solution) to each 50 mL of Xy- 
locaine® solution. This formulation essentially eliminated 
the pain of injection without causing cloudiness or pre- 
cipitate in the mixture. 

The excisions were carried out by surgical removal of 
ellipses of skin with a #15 scalpel blade. The plane of 
excision was usually through the white fibers of the deep 
(reticular) dermis. Skin lines of tension were respected, 
although the primary concern in incision placement was 
the shape and orientation of the lesion. Hemostasis was 
achieved through electrocoagulation. Closure was carried 
out with 4-0, 5-0, and sometimes 6-0 nylon interrupted 
sutures. Intradermal absorbable 6-0 sutures also were 
sometimes used. Each lesion was numbered and its lo- 
cation named as it was excised. A location frequently was 
designated as being superior or inferior to a preceding 
lesion. In the case of multiple back lesions, the lesion’s 
relationship to a particular vertebra, or scapula or other 
bony landmark was useful in naming. All lesions were 
pathologically examined grossly and microscopically. 
Some of the lesion removals in this study were at the 
request of the patient, without concern that the lesions 
may harbor melanocytic hyperplasia, atypia, or dysplasia. 
However most lesions were selected for prophylactic re- 
moval primarily by the presence of apparent significant 
junctional activity, as suggested by depth of pigmentation, 
size of the lesion, irregularity of the periphery of the lesion, 
variability of pigmentation within the lesion, or elevation 
above the skin surface. The location of the lesion, the 
personal and family history of the patient, and the history 
of the lesions themselves also were noted. Many of the 
lesions were considered to be potentially harboring mi- 
croscopic evidence of lentiginous or melanocytic hyper- 
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plasia, melanocytic atypia, or dysplasia. These micro- 
scopic patterns, which frequently were not distinguishable 
from each other on gross visual examination, may be on 
a biologic continuum, and were grouped together in the 
statistical analyses in this study. 

Lesions with ‘melanocytic hyperplasia’ demonstrated, 
on microscopic assessment, an increase in the expected 
number of melanocytes appearing at the dermoepidermal 
junction. The melanocytes were individual rather than in 
nests, and were approximately equidistant from each 
other. The cells may have been slightly enlarged but there 
was no significant cytologic or nuclear atypia and mitoses 
were not found. If the rete ridges were elongated, the hy- 
perplasia was termed ‘lentiginous.’ 

Lesions demonstrating ‘atypia’ or ‘atypical melanocytic 
hyperplasia’ showed an increase in the number of mela- 
nocytes, predominantly at the dermoepidermal junction, 
with a variable degree of cytologic or nuclear atypia. Mi- 
toses sometimes were observed and there was a tendency 
toward melanocytic crowding. 

The term ‘dysplasia’ or ‘dysplastic nevus’ implied both 
architectural and cytologic changes. The epidermis re- 
vealed elongation of rete ridges, along the sides and tips 
of which were found unevenly spaced, usually mildly 
atypical melanocytes. There was a tendency for the for- 
mation of somewhat irregular nests that might ‘bridge’ 
from one rete to the other. In the dermis lamellar fibro- 
plasia, foci of chronic inflammation, and capillary pro- 
liferation could be found. The melanocytic atypia usually 
was minimal and could assume either the more common 
lentiginous pattern or the epithelioid pattern. 

Patients with pigmented lesions seen during the 14- 
year period of this study generally fell into several cate- 
gories and became subjects of the study at different points. 
Some patients were referred because a lesion was thought 
to represent a melanoma by the treating physician. If the 
lesion was a possible primary melanoma, typically it was 
excised on the first office visit. A narrow rim of normal- 
appearing, full-thickness skin was taken with the lesion 
and the wound was sutured closed primarily. These ex- 
cisions were not included in the data to be presented. 

After biopsy, sites of invasive melanomas were excised 
widely with a 3-to-4-—cm margin, which usually required 
a split-thickness skin graft for adequate closure. Narrower 
margins were taken on thinner, less invasive lesions. These 
melanoma re-excisions also are considered for the pur- 
poses of this paper to represent therapeutic rather than 
prophylactic excisions and are not included in the sub- 
sequently presented statistics. 

Melanoma patients were staged by physical examina- 
tion, lung tomography, and liver—spleen radionuclide 
scanning. Patients with disease apparently confined to the 
local site were potential candidates for prophylactic lesion ` 
removal. A portion of these patients were selected for skin 
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excisions, as will be discussed. These excisions usually 
were carried out within the first year following melanoma 
wide excision. 

Melanoma patients were scheduled for monthly follow- 
up appointments the first year or two, then every 2 or 3 
months or more, depending on the nature of the original 
melanoma and the patient’s tendency to form atypical or 
hyperplastic lesions in other locations. 

During the 4-year time interval for which statistical 
analysis was completed, 112 patients, from a group of 
approximately 1000 patients without a personal history 
of melanoma, also were selected for skin lesion removals. 
The data on these patients are tabulated separately. Pa- 
tients undergoing skin lesion removal without a history 
of melanoma were seen at 3- to 6-month intervals, de- 
pending on the nature of their gross and microscopic 
findings. 

Almost all the patients in these studies were Caucasian 
and were counselled regarding sunscreens and solar ex- 
posure. A few patients during the 14-year period under- 
went more than one round of excisions, depending on 
the histologic characteristics of the lesions removed, their 
tendencies for lesion formation, and their compliance with 
solar protection programs. 


Results 


Two hundred fifty patients with a history of melanoma 
and approximately 1000 patients with pigmented lesions 
without a history of melanoma were evaluated during a 
4-year interval. Of the 250 melanoma patients, 90 had or 
developed stage II (regional) or stage III (disseminated) 
melanoma. Eighty-seven of these 90 patients were ex- 
cluded from lesion. removal because of their history of 
metastasis, although three well-controlled stage II patients 
underwent lesion removal. The main application of pro- 
phylactic lesion removal in melanoma patients was in 
patients with a history of stage I melanoma. One hundred 
sixty of the 250 melanoma patients had stage I disease 
and thus were considered potential candidates for lesion 
removal (64% of the 250 melanoma patients). Of these 
160 stage I patients, 85 did not undergo lesion removal 
in the 4-year interval described because their lesions did 
not meet the previously mentioned criteria for excision. 
The remaining 75 stage I melanoma patients (47% of the 
stage I patients or 30% of the entire 250 melanoma patient 
group) had 1591 lesions removed, of which 445, or 28%, 
showed hyperplasia, atypia, dysplasia, or melanoma. On 
a per patient basis, of the 75 stage I patients undergoing 
lesion removal, 60 (80%) showed hyperplasia, atypia, dys- 
plasia, or melanoma in the lesions removed. In addition 
three patients with a history of apparently well-controlled 
stage II melanoma underwent excision of 39 lesions with 
- sımilar findings of hyperplasia, atypia, or dysplasia in nine 
lesions. 
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The unsuspected melanomas removed as a result of 
prophylactic skin lesion removal in patients with a history 
of previous melanoma included three invasive melanomas 
and nine in situ, or level I melanomas. In addition it was 
estimated that one melanoma is prevented by the removal 
of each 11 to 80 dysplastic lesions in a familial dysplastic 
setting”? or 83 dysplastic lesions in a nonfamilial set- 
ting.” Based on extrapolation from these data, attempts 
were made to estimate the number of additional mela- 
nomas prevented by our prophylactic excisions in the 
melanoma patients. In so doing, we accounted for the fact 
that our patients in this group all had a melanoma per- 
sonal history, which placed them at a higher-than-average 
risk for melanoma development, compared to the general 
population of patients with dysplastic skin lesions.” Con- 
versely included in our statistics are lesions with hyper- 
plasia and atypia, which may be at less risk for early mel- 
anoma development, as compared to lesions with dyspla- 
sia. On balance, however, it is estimated that an additional 
four to six melanomas were prevented by the removal of 
433 atypical, hyperplastic, or dysplastic pigmented lesions 
in these 75 stage I melanoma patients. 

In summary, in the 250 melanoma patients seen in a 
4-year period, 87 were excluded from prophylactic lesion 
removal because of the presence or history of metastatic 
disease. Eighty-five stage I patients were excluded because 
physical examination did not reveal apparent significant 
abnormalities in their nevi. Seventy-five stage I patients 
and three stage II patients underwent removal of a total 
of 1630 lesions. Eighty per cent of these patients showed 
abnormalities in the pigmented lesions removed. Twelve 
unsuspected melanomas were removed and it is estimated 
that approximately four to six others were prevented by 
the removal of precursor lesions. 

During the same 4-year interval, approximately 1000 
patients without a personal history of melanoma were 
seen for pigmented skin lesions, of whom 112 underwent 
excisions. Of the 1731 lesions excised from these patients, 
377 or 22% showed hyperplasia, atypia, or melanoma in 
situ (three cases). Of the 112 patients undergoing lesion 
removal, 71 patients (or 63%) demonstrated these findings, 
which were present in 31% (377 of 1208) of the lesions 
removed from these 71 patients. In addition to the three 
melanomas in situ that were excised, it is estimated that 
three to five melanomas were prevented in this group of 
patients by excision of potential precursor lesions. 

Twenty-one (or 30%) of the 71 patients with hyperpla- 
sia, atypia, dysplasia, or melanoma in situ had a family 
history of melanoma in a first-degree relative. Among the 
lesions removed from patients with a family member with 
melanoma, 78 of 342, or 23%, demonstrated hyperplasia, 
atypia, or dysplasia. Forty-one (112 minus 71) patients 
without a personal history of melanoma underwent 523 
lesion excisions without hyperplasia, atypia, or dysplasia 
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being reported in the removed lesions. Fourteen (or 34%) 
of these 41 patients were first-degree relatives of patients 
with melanoma. 

Considering together the lesion removals mentioned in 
the 78 melanoma and 112 nonmelanoma patients, ap- 
proximately 25% (831 of 3361) were hyperplastic, atypical, 
dysplastic, or melanoma in situ. On average 17.7 lesions 
were removed from each patient undergoing skin lesion 
surgery. In two patients this was accomplished in four 
sessions, and in the other cases between one and three 
sessions were required. Considering that 250 melanoma 
patients and approximately 1000 nonmelanoma patients 
were seen during this period, the average number of lesions 
removed per patient screened (including operated and 
nonoperated cases) was 2.7 lesions per patient. 

As mentioned, the statistics reported throughout this 
study included lesions removed at the patient’s request. 
In addition it should be mentioned that the ‘negative’ 
lesions include basal and squamous cell carcinomas, ac- 
tinic keratoses, cysts, lipomas, and other lesions that are 
not considered to be potential forerunners of melanoma. 
However most of the ‘negative’ lesions were junctional, 
compound, and intradermal nevi not demonstrating me- 
lanocytic hyperplasia, atypia, or dysplasia on microscopic 
observation. 

More than 90% of the lesion removals were performed 
in the out-patient surgery clinic at a single institution. 
Most of the lesions were read by a single pathologist with 
special training in dermatopathology. 

In the 14 years of this study, no patient developed re- 
currence or death from a primary cutaneous melanoma 
not apparent or known about at the petient’s first visit. 
This was true among the patients who presented with a 
primary melanoma and among the patients with and 
without a family history of melanoma who underwent 
lesion removals. 


Discussion 


An element of confusion exists in the field of pigmented 
skin lesion treatment. This is in part due to the termi- 
nology differences for a group of lesions variously de- 
scribed as active junctional nevi, nevi with melanocytic 
atypia, dysplastic nevi, and melanoma in situ. Different 
pathologists may read the same slides differently and 
sometimes the same pathologist may read the same slide 
differently at different times. This is an observation rem- 
iniscent of our previously reported observation regarding 
assessment of Clark levels of invasion in melanoma. When 
the same pathologists reviewed the same melanoma slides 
several years apart, significant variations in assessment 
occurred.” , 

Sometimes it has been difficult to determine the biologic 
significance of some of the microscopic observations as- 
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sociated with pigmented lesions. For example some au- 
thors have raised questions regarding the significance of 
apparent dysplastic nevus elements contiguous with some 
melanomas. Maize and colleagues?! questioned whether 
these dysplastic nevus elements might have been induced 
by the melanoma as a type of ‘field effect.” On the other 
hand, the dysplastic nevus elements may have arisen in- 
dependently in synchrony with the melanoma, or the 
dysplastic lesion may have been a formal precursor. 
Maize”! stated that most melanomas did not contain his- 
tologic elements of precursor dysplastic nevi. However, 
as pointed out by Pack,!! it is difficult for a pathologist 
to determine conclusively that a pre-existing, benign, 
junctional lesion was not previously present at a site where 
melanoma developed because the melanoma develop- 
ment is capable of obliterating evidence of the pre-existing 
nevus as the melanoma advances before its biopsy. In 
addition, in case of very early melanomas, there is cir- 
cumstantial evidence that the lesion was preceded by a 
pre-existing benign junctional lesion because of the mor- 
phologic similarity between melanomas and the intra- 
epidermal hyperplasia of some nevi, and the observation 
of histologically borderline lesions.**-** 

It has also been argued that nevi may become activated 
in patients with melanoma, resulting in a disordered 
growth pattern.*>°° However this alone would not explain 
the presence of activated nevi in patients who have never 
had melanoma, who have no residual melanoma, or in 
whom the activated nevi precede the malignancy. 

Should dysplastic lesions be removed or observed? At 
the National Institutes of Health Consensus Development 
Conference, it was concluded that the dysplastic nevus 
was not only a marker depicting that the patient was at 
increased risk for melanoma development but also that 
the dysplastic nevus itself was a precursor of melanoma.” 
Ackerman” disagreed with that conclusion but indicated 
that if a physician agreed that these nevi are indeed com- 
mon precursors of melanoma, it would be ‘mandatory’ 
that they be removed prophylactically. The desirability of ` 
the removal of melanoma precursor lesions is based on 
the estimates that, whereas 0.7% of the general population 
will develop melanoma, the incidence reportedly increases 
to approximately 18% in those with dysplastic nevi, and 
approaches 100% in those who have dysplastic nevi and 
two family members with a history of melanoma.”’ Pa- 
tients with dysplastic nevi were found to have an average 
of 10 dysplastic lesions per patient in the nonfamilial dys- 
plastic nevus syndrome setting, and 10 to 75 dysplastic 
nevi in the familial dysplastic nevus setting. Evidence also 
indicates that when melanoma develops in patients with 
dysplastic nevus syndrome, it begins within the dysplastic 
lesions 67% to 94% of the time. This led to the conclusion 
that the removal of approximately 83 dysplastic nevi 
should prevent the development of at least one melanoma 
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in the nonfamilial dysplastic nevus syndrome patient, and 
the removal of 11 to 80 dysplastic nevi should prevent 
the development of one melanoma in the familial dys- 
plastic nevus syndrome patient.”>? 

Greene, Clark, and coworkers” recommended managing 
dysplastic nevus syndrome patients generally by observation 
with whole-body photography (a little-used technique) and 
by selected removals. However they did indicate that pro- 
phylactic removal was justified, in their opinion, in patients 
with suspected dysplastic scalp lesions or unusually large 
numbers of atypical nevi. They also indicated that prophy- 
lactic dysplastic lesion excisions could be justified in im- 
munosuppressed patients, in patients with emotional diff- 
culty associated with the harboring of possibly preneoplastic 
skin lesions, or in patients who have limited access to ap- 
propriate medical follow-up. 

Titus-Ernstoff and coworkers”’ suggested that patients 
with a history of melanoma might benefit from the re- 
moval of nevi suspicious of being dysplastic. Our studies 
indicate that if nevi suspicious for dysplasia are removed, 
some melanomas are probably prevented and early mel- 
anomas are diagnosed and treated at a stage when no 
local recurrence, distant metastases, or subsequent mor- 
tality ensued in a 14-year time period. Also in Titus-Ern- 
stoff’s study of 121 subjects, two cases of melanoma were 
detected as a result of biopsies performed for study pur- 
poses, although the lesions were not considered to be clin- 
ically suggestive of melanomas before the biopsies. We 
shared this type of experience. In addition, in approxi- 
mately 20% of patients referred to us with biopsy-proved 
melanoma, the pathology report on the biopsy did not 
mention melanoma among the potential prebiopsy di- 
agnoses. This was particularly true in the case of the less- 
advanced, nonpigmented, or lightly pigmented lesions. In 
most of these cases, the preoperative diagnosis was that 
of a benign lesion, such as keratosis or angioma. Basal 
cell carcinoma was the most common malignant pre- 
biopsy misdiagnosis. 

The arguments against a prophylactic excisional ap- 
proach include scarring and increased expense as com- 
pared to conservative observational management, al- 
though the expense of whole-body photography or treat- 
ment of a developed or progressive melanoma can be 
significant. The argument also was made that melanomas 
detected or prevented by prophylactic excision also might 
have been detected later by a ‘watch and wait’ approach 
at a time when they might still be curable. However we 
have seen a significant number of patients in whom a 
watch and wait approach has resulted in the progression 
of a pigmented lesion to the point at which a presumably 
curable lesion progressed to become a lethal one. Besides 
these cases in which an ultimately lethal lesion was fol- 


lowed by the patient, or less frequently by a physician, . 


there are cases in which a precursor lesion that could have 
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been recommended for excision by a physician was never 
noticed by the patient who then saw no physician until 
the lesion became lethal. In these cases as well, early ex- 
cision probably would have been curative. 

Another argument against observational management 
of dysplastic nevi are the patients who are lost to follow- 
up. The length of follow-up for a patient diagnosed as 
having a dysplastic nevus is frequently only a few years, 
despite assiduous attempts at follow-up. Patients who un- 
dergo melanoma excision, while being more compliant 
in follow-up initially, may later be lost to follow-up as 
well. 

In conclusion a balance must be struck between routine 
excisional biopsies of all pigmented lesions and overly 
conservative observational management. The data pre- 
sented in this paper suggest to us that the benefits of early 
excisional biopsy of selected lesions outweigh the disad- 
vantages of an early surgical approach, and that excisional 
biopsy of these lesions can decrease melanoma incidence 
and its associated morbidity and mortality. 
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The Role of Bacteria in Pigment Gallstone Disease 





‚One hundred ten of nine hundred sixty consecutive patients who 
underwent surgery for gallstones (GS) had pigment stones (PS) 
(11.45%). Fifty brown PSs contained calcium bilirubinate, small 
amounts of cholesterol, and always calcium palmitate, were usu- 
ally found in the common duct (96%), and were almost always 
associated with bile infection (98%) and diffuse erosion of the 
biliary mucosa. Fifty-one black PSs contained bilirubin polymers, 
calcium carbonate, and/or phosphate, seldom cholesterol, and 
never evident amounts of calcium palmitate, were mostly found 
in the gallbladder, and were associated with hemolysis or liver 
-damage and with hyperplastic cholecystosis. Bile infection was 
found in 19.6% of cases, but bacteria were never found in the 
center of black PSs by scanning electron microscopy. Nine ad- 
ditional patients (8.2% of PSs, 0.9% of GSs) had concomitant 
‘black and brown PSs that were mostly found in the common 
duct and were always associated with bile infection. It is suggested 
that, even if PSs with concomitant black and brown material can 


be found, black and brown PSs greatly differ not.only in patho- - 


genesis but also in clinical behavior and treatment. In particular 
bacterial infection is important only in the pathogenesis of brown 
PSs while it plays no role in the initial formation of cholesterol, 
mixed or black GSs. 7 


large amounts of pigment material and little cho- 

lesterol.''? They can be distinguished as black and 
brown stones simply on the basis of their color: brown 
stones are brownish yellow, soft, and show alternate dark 
and light layers in cross-section. They are said to occur 
principally in the Orient and usually are found in Western 
countries as recurrent common duct stones after chole- 


| P IGMENT GALLSTONES ARE stones that contain 


cystectomy, even if they can be found in the common 


duct as well as in the gallbladder of old patients with no 
previous biliary surgery.** Brown stones consist. mainly 
of calcium bilirubinate with little cholesterol and always 
contain calcium palmitate.* Infection has been docu- 
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mented at the time of stone removal in more than 90% 
of brown stones.'~ | 

Black pigment stones usually form in the gallbladder. 
They are generally small (less than 3 mm in diameter), 
irregular, with multiple spiculas. In cross-section they have 
a pglasslike, featureless appearance. Black stones mainly 
contain bilirubin polymers, usually calcium carbonate or 
phosphate, seldom cholesterol, and never calcium palmi- 
tate.** They are rarely associated with bile infection. Pa- 


- tients in Western countries who have pigment gallstones 


usually have been considered to belong to this second cat- 
egory.'* Previous studies suggested that bacteria play a key 
role in the pathogenesis of brown pigment stones,!~'° 

However the role that bacteria play in the formation 
of gallstones remains incompletely defined. Debate still 
continues as to whether other stones, in addition to brown 
stones, may be caused by bacteria.8'? In fact bacteria re- 
cently were identified in the majority of pigment stones 
and in the pigment portion of composite stones. Therefore 
bacterial infection has been considered a primary factor, 
not only in the pathogenesis of brown: stones but also in 
the formation of black pigment gallstones.* Furthermore 
because bacteria were found by scanning electron mi- 
croscopy on the surface of cholesterol gallstones, a possible 
role for bacteria in cholesterol stone formation also has 
been suggested.'!-!? 

We documented for the first time that bile infection by 
Escherichia coli precedes rather than follows brown stone 
formation, and together with bile stasis is the main factor 
in their pathogenesis.” . 

In the present article, additional data on the relationship 
between bacteria and gallstones are reported that are de- 
rived from the study of 1000 consecutive patients who 
underwent surgery for biliary tract diseases. 
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In particular, evidence is given that 


(1) Brown and black pigment stones differ in composition 
and pathogenesis and should also require a different 
treatment. l 

(2) Sometimes, even 1f infrequently, pigment stones can 
be concomitantly black and brown. In these cases they 
behave as brown stones, i.e., they are always associated 
with bile infection. 

(3) Bacteria are crucial for the formation of brown stones, 
but not for that of black pigment or cholesterol stones. 


Materials and Methods 


The present data are part of a prospective study of 1000 
consecutive patients who underwent surgery for bile tract 
diseases from 1980 to 1988. Gallstones were found in 960 
cases. There were 895 patients with stones in the gall- 
bladder. Two hundred one patients had stones in the 


common duct, which in 51 cases formed after cholecys- - 


tectomy. In all of the patients, clinical, radiologic, and 
laboratory data were recorded. Histologic examination of 
the gallbladder was always performed. In some patients 
with biliary enteric anastomosis, specimens from the 
common duct also were examined. In addition to routine 
histology, scanning electron microscopy (ISI SX-25 SEM 
Pabisch, Milan, Italy) at 7 KV and transmission electron 
microscopy (Zeiss EM 109 TEM, Karl Zeiss, Oberkochen, 
FRG) at 80 KV of both gallbladder and common duct 
specimens also were performed in selected cases.'*!> Bile 
specimens always were taken at operation. In patients with 
T tubes, bile specimens also were taken in the postoper- 


CETTA 


Ann. Surg. « April 1991 


ative period. Bile pH analysis and bile culture always were 
performed. Stones obtained at operation were washed, 
dried, and photographed. After cross-section, they were 
classified according to previously reported morphologic 
criteria.!*'” The analysis of stone composition was per- 
formed by x-ray diffractometry using a Siemens D 500 
diffractometer (Siemens, Milan, Italy) and infrared spec- 
troscopy, using a Perkin-Elmer 357 infrared spectropho- 
tometer (Perkin-Elmer, South Pasadena, CA).*-> Identi- 
fication of the various compounds was made by compar- 
ing the observed spectra and diffraction angles with those 
reported in the literature.*+!>-'® In a subset of patients, 
stone culture, stereomicroscopy, and scanning electron 
microscopy of stones (ISI SX-25 SEM Pabisch, Milan, 
Italy) were performed." 

Details of these methods have been reported else- 
where. ?79-14,15,19 

In particular 15 patients with postcholecystectomy 
stones were included in the study both at cholecystectomy 
and at the second operation. Therefore they had stone 
and bile analysis in both cases. 


| Results 


Table 1 shows the data in the 960 patients with gall- 
stones. There were 364 patients (37.9%) with ovoidal (or 
spheroidal cholesterol stones, 350 (36.5%) with faceted 
mixed stones (Fig. 1) and 110 with pigment stones 
(11.45%) (Figs. 1 to 4). Fifty had brown stones (5.2%) 
(Table 2, Fig. 2). Fifty-one had black pigment stones 
(5.3%) (Fig. 3). Nine had pigment stones that were con- 
comitantly black and brown (0.93%) (Fig. 4). Seventy- 


TABLE 1. Classification of Galistones According to Stone Morphology, Site, and Composition 


Site 
Sex Positive Composition % 
Gall Common Bile 
Stones Type n Age M F Bladder Duct Culture Chol. Bil. Carb. Palm. 
Cholesterol Pure 364 54.2 136 228 360 20 49 90.34 55 08+ 15 102405 — 
stones (37.9%) (98.9%) (5.5%) (13.5%) 
Mixed 350 58 95 255 331 93 70 85 +10 252. 12° 132407 — 
(36.5%) (94.6%) (28.6%) (20%) 
Pigment Brown 50 732 23 27 16 48 49 10.4+ 6 SI +17 traces 2a El 
stones (5.2%) (32%) (96%) (96%) 
Black 5] 58.8 22 29 50 11 10 75+ 47 G61.8+116 65+6.0 — 
(5.3%) (98%) (21.6%) (19.6%) 
Black and 9 74.3 6 3 2 9 9 78440 5542+145 10£07 125+ 6.3 
brown (0.9%) (22%) (100%) (100%) 
Combination = 72 565 20 52 66 9 29 Various 
stones (7.5%) (92%) (12.5%) (40%) 
Other 64 58 25 39 60 11 13 Various 
stones (6.7%) (93.7%) {17.2%} (20.3%) 
Total 960 56.7 327 633 833 201 229 


Composition according to infrared spectroscopy and/or x-ray diffrac- 
tometry (percentage of stones dry weight) Chol, cholesterol; Bil., calcium 


bilirubinate; Carb, calcium carbonates (calcite, aragonite or vaterite); 
PALM, fatty acid calcium salts (mainly calctum palmitate). 


Vol. 213 « No. 4 


BACTERIA IN PIGMENT GALLSTONE DISEASE 


317 





Fics. 1A-C. Ovoidal cholesterol (A) and faceted mixed stones (B). Scanning electron microscopy (C): no bacteria. 


two patients had combination stones. Stones with a pig- 
ment coat but with a central nidus of a different com- 
position from the periphery or stones entirely pigmented 
but found in the same site and concomitantly with cho- 
lesterol and mixed stones were not included in the pigment 
stone group. They were considered ‘other stones’ (n = 64), 
together with calcium salt stones and other rare types of 
stones (Table 1). A detailed analysis of patients with brown 
composite stones is given in Table 3. 


Brown Stones 


Brown stones were found as postcholecystectomy stones 
in 27 cases (Fig. 2A), in 21 cases in patients with no pre- 
vious biliary surgery (Fig. 2B), and in 2 patients with 
spontaneous biliary enteric fistulas (Table 2). Twenty-two 
patients were men, 28 were women, with a mean age of 
73.2 years (range, 50 to 87 years). Stones were found in 
48 cases in the common duct, in 13 cases both in the 
common duct and in the gallbladder, and in 2 cases only 
in the gallbladder. Positive bile culture was found in 49 
cases. Analysis of stone composition demonstrated the 
presence of calcium bilirubinate (51% + 17%) and cho- 
lesterol (10.4% + 6%), which was found in all brown 
stones. However the most specific compound of brown 
stones was calcium palmitate (23% + 11%), a crystalline 


calcium salt that was almost never found in other types 
of gallstones. In particular calcium palmitate was found 
in brown stones in a concentration greater than 10% in 
48 cases, both in the stone center and periphery (Fig. 5A). 
All of these stones were found in the common duct and 
all had positive bile culture. 

Of the 27 patients with postcholecystectomy stones (Fig. 
2A), 11 were men and 16 were women, with a mean age 
of 69.5 years (range, 50 to 76 years). Stones were single 
in 10 cases and multiple in 17 cases. Brown stones con- 
tained nonabsorbable suture material in five cases and 
phytobezoars in another five cases. Bile culture was always 
positive in a concentration greater than 10° CFU/mL. E. 
coli was found in all cases, alone in 11 cases, and in as- 
sociation with other bacteria (Proteus, Enterobacter, 
Pseudomonas, Klebsiella, Enterococcus) in the other cases. 
Bile pH was 6.9 + 0.32 (range, 6.2 to 8.0). Mean litho- 
genic index (in 21 patients) was 1.44 + 0.32 (range, 1.02 
to 1.94). 

Stone composition demonstrated, in all the patients, 
the presence of calcium bilirubinate, calcium palmitate, 
and cholesterol. In three patients with white material 
macroscopically evident both in the stone center and pe- 
riphery, calcium carbonate also was found. X-ray diffrac- 
tometry demonstrated in all three cases the presence of 
aragonite, which is the less frequent crystalline phase of 





FIGS. 2A-C. (A) Recurrent common duct brown stones. They look like aggregates of brown mud. (B) Gallbladder brown stone of an 82-year-old 
woman. Note the alternate dark and tan layers. (C) Scanning electron microscopy of a fresh recurrent brown stone: bacteria are clearly evident in 
the stone center. Magnification, 5000X. Bile culture: E. coli 10° > CFU/mL. 
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FIGS. 3A—C. Black mud (A) and black microstones (B). Note the irregular surface with multiple spiculas. (C) Scanning electron microscopy of a 
black stone: typical amorphous aspect; no bacteria. 


calcium carbonate in gallstones and which precipitates at 
lower pH. 

All of these patients, in addition to cholecystectomy, 
had previous complementary surgical procedures on the 
bile tract. They were sphincterotomy in 19 cases, chole- 
dochoduodenostomy in 3 cases, hepaticojeyunostomy in 
| case, and choledochotomy plus T-tube drainage in 4 
cases. 

The 21 noncholecystectomyzed patients with brown 
stones had stones in the common duct in 19 cases. Twelve 
of these patients had concomitant gallbladder brown 
stones (Fig. 2B). The last two patients had stones only in 
the gallbladder. 

The 19 patients with common duct stones included 10 
men and 9 women. Mean age was uniformly high: 80.36 
years (range, 75 to 87 years). Age difference between pa- 
tients with and without previous biliary surgery was highly 
significant (p < 0.001). Age difference also was significant 
between this group and the group with black pigment 
stones. Sex prevalence (10 men and 9 women) also was 
different from all other groups of patients with gallstones. 
Analysis of stone composition gave similar findings, as in 
cases of stones with previous cholecystectomy. Calcium 
palmitate always was present but usually it was found in 
smaller amounts (Fig. 5). Pigment material usually ac- 


counted for more than 50% of stone dry weight. Data 
from both x-ray diffractometry and infrared spectroscopy 
were extremely similar in both cases (Fig. 5). Bile culture 
was always positive and the same bacteria were found as 
in patients with postcholecystectomy brown stones. Mean 
lithogenic index (in four patients) was 1.56 + 0.39. Mean 
pH of the common duct bile was 7.2 + 0.50. Differences 
between lithogenic index and bile pH were not statistically 
different in the two groups (p > 0.1). 

Brown stones were homogeneous in cross-section in 
both groups, with no evident difference between nucleus 
and periphery (Figs. 2A and B). In the same subject, gall- 
bladder stones had the same composition as common duct 
stones. Mixed or composite stones, with a nucleus of dif- 
ferent composition and origin from the periphery, were 
not included in this group. However it was noteworthy 
that (1) brown stones in the noncholecystectomyzed pa- 
tients were usually larger in size and harder in density 
than postcholecystectomy stones, which often appeared 
as true aggregates of biliary mud (Figs. 2A and B); (2) a 
laminar structure, with eccentrically shaped rings 1n cross- 
section always was detectable in the former group (Fig. 
2B), while it was almost never detectable in the latter with 
postcholecystectomy stones; and (3) the calcium palmitate 
content of brown gallbladder stones (16.0 + 2.0; range, 





Fics. 4A-C. (A and B) A black and brown microstone, 4 mm in size, found in the commun duct of a patient with periampullary carcinoma. 
Stereomicroscopy clearly shows that it is not a combination stone, but black and brown material are tightly mixed both in the stone center and 
periphery. (C) SEM of a dry black and brown stone: note the typical bacterial casts, similar to those observed in brown stones. Magnification, 200X. 


Bile culture. Æ. coli 10° CFU/mL. 
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TABLE 2. Brown Pigment Stones 
a assessors E. aE ESE E 





Sex Site Positive 
Bile 

Stones n Age M F GB CD Culture CP 

After cholecystectomy 27 69.5 11 16 — 27 27 27 

CD 19 80.3 10 9 12 19 19 19 

Noncholecystectomyzed patents GB > 66 i | > bis | Y 
Spontaneous biliary enteric 

fistulas 2 68 l l l 2 2 2 

Total brown stones 50 73.2 23 27 15 48 49 48 

Black and brown 
gallstones 9 74.3 5 4 z 9 9 9 
Total 59 73.4 28 31 17 57 58 57 


GB, gallbladder; CD, common duct; CP, calcium palmitate. 


5.5 to 35.0) was less than that of common duct stones in 
the former group and than that of postcholecystectomy 
stones (p < 0.01). In addition the calcium palmitate con- 
tent of common duct stones was always greater than that 
of gallbladder stones in the same patient, even if the cal- 
cium palmitate content of the gallbladder stones of one 
patient could be greater than that of the common duct 
stone of another patient (Fig. 5A). Scanning electron mi- 
croscopy of stones demonstrated the presence of calcified 
bacteria or bacterial casts in patients with recurrent com- 
mon duct brown stones and in patients with brown stones 
without previous biliary surgery, while usually they were 
not found in cholesterol or black gallstones (Figs. 1C, 2C, 
3C, 4C; Figs. 6A and B). 

Spontaneous biliary enteric fistulas were found in 13 
cases. Ten patients had a cholecystoduodenal and three 
had cholecystocolic fistulas. There were nine men and 
four women (sex prevalence completely different from all 
other groups of patients with gallstones). Mean age was 
64.7 years (range, 46 to 80 years). Two patients with cho- 
lecystoduodenal fistula had no associated gallstones. Both 


TABLE 3. Composite Brown Stones 








Sex Site Positive 
Bile 
Stones n Age M F GB CD Culture CP 

Spontaneous biliary enteric 

fistulas 9 66.1 8 l 8 6 8 8 
Postcholecystectomy 

retained stones 6 50.6 3 3 — 6 6 6 
Cholesterol GB stones and 

composite CD stones 9 63 3 6 7 7 4 3 
Cholesterol stones and 

brown mud in GB 4 Si 2 2 4 — l — 
Cholesterol stones with 

black coat in GB and 

brown coat in CD I -63 I — — l l l 


Total 29 65 iy 12 19- 20 20 18 


GB, gallbladder; CD, common duct; CP, calcium palmitate. 


had positive bile culture. Enterobacter was found in one 
case and Klebsiella in the other. Two patients (Table 2) 
had brown stones only. In one case, a 56-year-old man 
had a small brown stone in the gallbladder 3 months after 
a previous operation for gallstone ileus due to a large cho- 
lesterol stone. In the other case, an 80-year-old man had 
brown stones both in the gallbladder and in the common 
duct 1 year after a partial gastrectomy, complicated by 
duodenal leakage (and subsequent cholecystoduodenal 
fistula). In the other nine patients with spontaneous biliary 
enteric fistulas (mean age, 66.1 years) (Table 3), stones 
with a brown periphery or entirely pigmented were as- 
sociated with cholesterol stones. In three cases stones were 
only in the gallbladder, in one case in the common duct, 
in the last five cases both in the gallbladder and in the 
common duct. 

Stones with a cholesterol nucleus and a brown periphery 
also were found in the present series, in six patients after 
cholecystectomy. They were classified as other stones in 
Table 1. These stones were probably retained stones that 
formed a pigment coat in the common duct. Bile culture 
was always positive. Calcium palmitate was always present 
in the brown coat (Table 3). 

The last two patients with gallbladder brown stones (a 
50-year-old man and an 82-year-old woman) had typical 
single brown stones (measuring 0.7 cm and 4 cm, respec- 
tively). The former patient, an alcoholic, had a history of 
pancreatitis and cholangitis and had multiple hepatic ab- 
scesses at operation but no common duct stones detectable 
by intraoperative cholangiography. The latter underwent 
surgery for acute cholecystitis. Bile culture was positive 
for Klebsiella in the first case and negative in the other 
(i.e., less than 10° CFU/mL). Bile pH was 7.2. and 7.4, 
respectively. Analysis of stone composition demonstrated 
the presence of calcium bilirubinate and cholesterol. Cal- 
cium palmitate was not detectable in a diffractometrically 
evident amount (i.e., more than 5% of stone dry weight), 
even if small white beads, mainly consisting of calcium 
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Fics. 5A and B. (A) X-ray diffractometry of black stones and of brown pigment stones: five different patients with brown stones and six patients 
with black stones. Note the complete absence of spikes in amorphous black stones and the typical bands of calcium palmitate in brown stones. The 
first three diffractograms and IR spectra are of recurrent common duct stones. The last two are of brown stones in patients with no previous surgery. 
(B) Infrared spectroscopy: IR spectra of black stones are irregular, only slightly indented, with no evidence of spikes. Brown stones show more evident 


calcium bilirubinate bands and the typical bands of calcium palmitate. 


palmitate, were macroscopically evident both in the center 
and in the periphery of the larger stone. 

In 13 patients with no previous biliary surgery, brown 
stones were associated with cholesterol stones or contained 
a cholesterol nucleus in the common duct or in the gall- 
bladder. In these patients bile culture was positive in only 
five cases while calcium palmitate was found in three cases 
(Table 3). Finally a patient who initially refused surgery 
underwent operation 4 months after the onset of jaundice 
and after suffering from multiple episodes of cholangitis. 
Gallstones were found in the gallbladder and in the com- 
mon duct. They had a cholesterol nucleus in both sites. 


However gallbladder stones had a black periphery with 
multiple spiculas (containing bilirubinate and carbonate), 
while the three stones found in the common duct, which 
probably were responsible for jaundice, had a brown pe- 
riphery containing calcium palmitate. Bile culture 
demonstrated the presence of E. coli and proteus sp. 
(Table 3). 

Histologic examination of the gallbladder wall in pa- 
tients with brown stones and gallbladder still in situ usually 
demonstrated the presence of chronic and acute inflam- 
mation, with diffuse erosion of the mucosa, loss of the 
epithelium, and microabscesses. The same findings also 
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FIGS. 6A-C. (A) Cholesterol 
stone by SEM. Cholesterol 
crystals, no bacteria. Magni- 
fication, 480. (B) Brown 
pigment stones by SEM. 
Note the typical presence of 
calcified bacteria both in the 
stone center and surface. (C) 
Mucus filaments both on the 
surface and in the center of a 
black pigment stone (SEM; 
magnification, 2500X). 


were observed in common duct specimens obtained in 
patients who underwent biliary enteric anastomoses for 
postcholecystectomy brown stones. Both scanning and 
transmission electron microscopy showed diffuse altera- 
tions of the common duct mucosa (Figs. 7B and D). 


Black Stones 


Black pigment stones were found in 22 men and 29 
women. Mean age was 58.8 + 12.5 years (range, 20 to 89 
years). Stone size and site and bile culture are reported 
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in Table 4 (Figs. 3A—C). Analysis of stone composition 
(Fig. 5B) demonstrated the presence of pigment material 
(61.8% + 11.6%), calcium carbonate (6.5% + 6.0%), cal- 
cium phosphate (3.0% + 1.5%), and little cholesterol (7.5% 
+ 4.7%). In particular cholesterol was found in only 23 
patients, while it was always found in brown pigment 
stones. Calcium palmitate was never found in diffracto- 
metrically evident amounts (/.e., more than 5% of stone 
dry weight) in black pigment gallstones (Fig. 5B). 
Associated clinical findings were cirrhosis in 11 cases, 
alcoholism in 5 cases, long-lasting use of drugs in 8 cases, 




















and malignancies in 6 cases. It is noteworthy that patients 
with clinically evident hemolytic diseases were found in 
only 3 cases, aged 27, 47, and 49 years, respectively, despite 
the fact that in Italy thalassemia and sickle cell anemia 
have a high incidence in many areas. 

Histologic examination of the gallbladder wall dem- 
onstrated in most cases the presence of hyperplastic cho- 
lecystosis with little or no signs of chronic inflammation 
(Figs. 7A and C). Acute inflammation was found in only 
15 cases. Mucous cell metaplasia was found in 40% of 
black stones, which were analyzed by scanning electron 
microscopy (Fig. 7E). Black stones frequently were as- 
sociated with mucus hyperproduction. This phenomenon 
could be detected both macroscopically (black micro- 
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Fics. 7A-E. Transmission electron 
microscopy of the gallbladder mucosa of 
patients with black (A) and brown stones 
(B). Scanning electron microscopy of the 
same patients (e = black; d = brown). 
Note the quite normal aspect of the epi- 
thelium, with well-preserved microvilli in 
the patient with black stones (A and C) 
and the complete loss of the lining epi- 
thelium, with the basal membrane (BM) 
directly facing the lumen (L) in patients 
with brown stones. (E) Glandular meta- 
plasia with goblet cell hyperplasia in the 
gallbladder fundus of a patient with black 
microstones (SEM; magnification, 
1500X). 


stones usually are embedded in a tight mucus network) 
and microscopically, either in gallbladder or in stone 
specimens. In particular scanning electron microscopy 
showed the presence of long mucus microfilaments, tightly 
adherent to black gallstones (Fig. 6C). 

Brown and black pigment stones were found in nine 
cases: five men and four women (mean age, 74.3 years) 


(Table 5). This finding also was reported by others."='° 


Most of them (seven of nine) were found in patients with 
periampullary carcinoma. They usually appeared as small 
conglomerates that were crushed easily with forceps or 
fingers and had alternate irregular black and brown con- 
centric layers in cross-section (Figs. 4A-C). Analysis of 
stone composition showed the presence of calcium pal- 
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TABLE 4. Black Pigment Gallstones (n = 51) 
Sex Stones Bile 
Site 
E aa ck Positive Associate 
Age M F GB CD Size pH (n = 18) Culture Clinical Findings Pathologic Findings 
58.8 + 12.5 22 29 50 11 6 single (5-10 mm) pe 9 | l 10 11 Cirrhosis 15 Pancreatitis 
+ 2 double (10 m) + + 5 Alcoholism 5 Hyperplastic 
— 5 black mud _ - 8 Drugs cholecystosis with 
EZ 52 5 multiple 0.47 0.28 6 Cancer adenomyomatosis 
(3-6 mm) 5 Gastric surgery 2 Empyema 
33 multiple 2 Colon surgery 2 Hemorragic 
(3 mm) 3 Hepatitis HBS + cholecystitis 


mitate, which is the typical calcium crystalline compound 
of brown stones. 


Bile Infection 


Bile infection (i.e., a bacterial concentration in the bile 
greater than 10° CFU/mL) was found in 229 of the 960 
patients (23.8%). Bile was infected in 49 of 364 patients 
with ovoidal cholesterol stones (13.5%), 70 of 350 patients 
with faceted mixed cholesterol stones (20%), 49 of 50 pa- 
tients with brown pigment stones (98%), 10 of 51 patients 
with black pigment stones (19, 6%), 9 patients with black 
and brown pigment stones (100%), 29 patients with com- 
bination stones (40%), and 13 patients with ‘other stones’ 
(20.3%) (Table 1). E. coli, alone or in association with 
other bacteria, was found in 153 of the 229 positive bile 
cultures (66.8%). Seven hundred thirty-one patients had 
negative cultures. Fifty-eight patients with homogeneous 
brown stones (49 brown and 9 black and brown) had both 
bile infection and calcium palmitate in gallstones. Eigh- 
teen additional patients with composite stones, including 
brown material, also had both bile infection and calcium 
palmitate (Table 3). On the contrary there were (1) two 
patients with bile infection and calcium palmitate in non- 
brown stones; and (2) two patients with brown stones and 
calcium palmitate, not associated with evident bile infec- 
tion, and six patients with brown stones not containing 
calcium palmitate and not associated with evident bile 
infection (i.e., less than 10°CFU/mL). All of these six pa- 
tients had brown stones in the gallbladder, while common 
duct brown stones always contained calcium palmitate 
and always were associated with bile infection. In partic- 
ular E. coli always was present. 

Among the 153 patients with bile infection by E. coli, 
brown stones were associated in 81 cases (52.9%) and cal- 
cium palmitate was found in 79 (51.6%). In one of the 
two patients with brown pigment gallbladder stones not 
containing calcium palmitate and in the two patients with 
spontaneous biliary enteric fistulas with no associated 


3 Recent Weight 1 Septicemia 
Loss | Liver abscesses 
5 Nonspecific 


stones, bile culture was positive but EF. coli was absent. 
Klebsiella was cultured in two cases and Enterobacter in 
the last case. Sixty-three patients had stone culture. Fifty- 
five patients had scanning electron microscopy (SEM) of 
stones. In all of the patients with positive stone culture 
or with bacteria demonstrable in the center of stones by 
SEM, bile culture also was positive. In the present series, 
no patient was found with bacteria demonstrable in the 
stone center by SEM, both directly and indirectly (bac- 
terial casts), who had negative bile culture (Figs. 1C, 2C, 
3C, 4C; Figs. 6A and B). 

In black stones bile culture was associated in 19.6% of 
cases, mostly in stones that were found concomitantly in 
the gallbladder and common duct or in patients with pre- 
vious pancreatitis. In 10 patients with black stones, who 
were analyzed by SEM, bacteria were never found (Figs. 
3 and 6C), while they were always found in the four (of 
nine) patients with black and brown stones in whom SEM 
was performed (Fig. 4C). 


Discussion 


In a surgical series of consecutive patients from a West- 
ern country such as Italy, pigment stones were found as 
unique stones in 11.45% of cases. Pigment stones were 
brown in 45.4% and black in 46.3% of cases. In nine ad- 
ditional patients (8.2% of pigment stones, 0.9% of all gall- 
stones), concomitant black and brown stones were found. 
In addition pigment material was found in 53 other pa- 
tients (29 with brown pigment and 24 with black pigment), 
with combination stones or stones classified as ‘other 
stones’ (5.52 of all gallstones). In these cases pigment ma- 
terial usually formed the peripheral coat of stones with a 
different nucleus (usually cholesterol). 

Brown stones were found mostly in the common duct 
(48 of 50 cases), almost always (48 of 50) contained cal- 
cium palmitate as typical compound,” and were asso- 
ciated with bile infection (i.e., a bacterial concentration 
greater than 10°CFU/mL) in 49 of 50 patients. In partic- 
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ular common duct brown stones always were associated 
with bile infection, while brown stones from the gallblad- 
der sometimes were not associated with bile infection (1 
of 19) and did not contain calcium palmitate (2 of 19). 
These observations correlate with previous findings re- 
ported by Tabata and Nakayama.” In addition present 
findings suggest that not only the mere positivity of bile 
culture but also the site of stones (gallbladder or common 
duct: see also data in patients with composite stones or 
with biliary digestive fistulas) and the type of bacteria (E. 
coli) are possible determinants of the brown pigment and 
calcium palmitate concentrations in the stones. On the 
other hand, black stones usually were found in the gall- 
bladder, never contained evident amounts of calcium 
palmitate, and were associated with bile infection in only 
19.6% of cases. 

Other associated findings also were very different. 
Brown stones usually were found as postcholecystectomy 
stones (n = 27), in older patients with bile stasis (n = 19), 
or in patients with spontaneous biliary enteric fistulas (n 
= 13) (Table 2). In most of these patients bile stasis was 
evident, due to a stricture of a previous sphincterotomy 
or of a biliary enteric anastomosis or to age-dependent 
degenerative alterations of the sphincter of Oddi or of the 
lower portion of the common duct.’ Black stones, on the 
other hand, were associated with hemolysis or with a pre- 
vious or current liver damage (cirrhosis, hepatitis, long- 
term use of psycodrugs, and so on) (Table 4). Mean age 
of patients was also different, particularly in patients with 
no previous biliary surgery (80.36 in brown stones, 58.8 
in black stones) (p < 0.001). In particular black stones 
were found in patients as young as 27 years, even in the 
absence of evident hemolysis, while brown stones were 
never found as unique stones in patients younger than 50 
years. 

Histologic examination of the biliary mucosa also gave 
different results in the two groups. Diffuse erosion of the 
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gallbladder and common duct mucosa, loss of the lining 
epithelium, and parietal microabscesses were found in 
patients with brown stones (Figs. 7B and D). On the other 
hand, hyperplastic cholecystosis, associated in 40% of cases 
with mucous cell metaplasia, was found in patients with 
black stones. A quite normal mucosa, with no or poor 
signs of chronic inflammation, was another common 
finding in the black stone group (Figs. 7A and C). 

Because we have analyzed constantly stones in rela- 
tionship to bile and parietal wall (gallbladder and bile 
duct mucosa), we can state that not only composition of 
stones but also parietal and environmental characteristics 
are very different in patients with black and brown stones. 
Therefore present findings confirm our previous data 
published in 1983 to 1986*° and lend support to the sug- 
gestions by Malet et al. and Kaufman et al.” that differ- 
ences in structure between black and brown stones reflect 
fundamentally different mechanisms of stone formation.”! 
On the other hand, our data do not correlate, at least in 
part, with the conclusions of Stewart et al. and Smith et 
al.,'* who do not distinguish between brown and black 
stones because of the frequent finding of concomitant 
black and brown stones. In addition they classify together 
as ‘infectious stones’ (1) brown pigment stones that con- 
tain bacteria (and calcium palmitate) both in the center 
and in the periphery; (2) combination or composite stones 
that have a brown periphery, usually associated with in- 
fection, but not always containing calcium palmitate (and 
that had at least two different mechanisms in their patho- 
genesis, the former responsible for the cholesterol nucleus 
and the latter for the pigment periphery); (3) all gallstones 
with bacteria found on the stone surface. 

In our series, in addition to 50 patients with homoge- 
neous brown stones and 51 with black stones, we also 
found 9 patients with concomitant black and brown 
stones. These stones were never combination or composite 
stones with a black nucleus and a brown coat or vice 


TABLE 5. Black and Brown Stones 
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+ 89 
? 77 
6 81 
7 66 
8 65 
9 74 
9 (Total) 74.3 
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Associated Findings 


Periampullary carcinoma 
Multiple liver abscesses 
Cirrhosis, ascitis, carcinoma of the colon 
Pancreatic carcinoma 
Periampullary carcinoma 
Periampullary carcinoma 
Periampullary carcinoma 
Periampullary carcinoma 
Periampullary caricinoma 

6 periampullary carcinoma 

| pancreatic, | colon carcinoma 
1 multiple liver abscesses 
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GB, gallbladder; CD, common duct; CP, calcium palmitate. 
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versa, but they always had typical brown and black ma- 
terial both in the center and in the periphery (Figs. 4A to 
C). They were found mostly in the common duct, were 
always associated with bile infection, and always contained 
calcium palmitate. Therefore they can be considered to 
share the same pathogenesis as brown stones. Excluding 
this small group of nine patients, all other pigment stones 
can be distinguished as brown and black, which greatly 
differ not only in composition, structure, and pathogenesis 
but also in clinical behavior and thus they require a dif- 
ferent treatment. 

In fact infectious brown stones are more likely to cause 
symptoms and require surgery than other types of stones. '” 
In our study patients with brown stones presented with 
acute cholangitis in 60% of cases, while patients with non- 
infectious stones had associate cholangitis in only 23% of 
common duct stones. These figures correlate with those 
previously reported by Smith et al.'* (52% in infectious 
stones, 18% in noninfectious stones). However it must be 
stressed that not all brown stones produce symptoms be- 
cause typical cholangitis with fever and chills only occurs 
when sudden hypertension in the bile ducts is also asso- 
ciated, thus determining the passage of bacteria from the 
biliary tract into the blood stream. In a long-term follow- 
up study of patients with sphincterotomy or sphinctero- 
plasty, we found that two patients with recurrent stones 
(including one patient with a 4-cm large stone, resembling 
in shape a true cast of the confluence between the main 
hepatic ducts and the common duct) were asymptomatic 
5 years after sphincterotomy. 

On the other hand, we recently documented that black 
pigment stones frequently are associated, because of their 
size (microlithiasis) (Table 5), density (high content in 
calcium carbonate and phosphate), and structure (pres- 
ence of multiple spiculas on stone surface) (Fig. 3B) with 
pancreatitis, probably due to the easier obstruction of the 
ampulla of Vater by such stones.” However, in almost 
50% of these cases (7 of 15), black stones were found only 
in the gallbladder but not in the common duct at the time 
of cholecystectomy. Therefore, because black stones never 
reform after cholecystectomy,’ simple cholecystectomy 
could have been curative not only in the 35 patients with- 
out pancreatitis but also in one half of the patients with 
associated pancreatitis. 

In addition we suggest that both cholesterol and black 
pigment stones form with a mechanism that is completely 
different from the stasis—infection mechanism. We also 
can provide evidence that the two mechanisms (metabolic 
and stasis—infection) are mutually exclusive of each other 
and that, particularly in the common duct, no stone other 
than brown pigment can reform after the initial formation 
of infectious brown stones. In our prospective study we 
documented that brown stones can form after cholecys- 
tectomy in patients with previous cholesterol or black 
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stones,” but the opposite was never observed. In particular, 
in a 67-year-old woman who had cholecystectomy and 
sphincterotomy for a single ovoidal cholesterol stone 
(saved by the patient) in 1968, brown stones were found 
at the first reoperation (repeated sphincterotomy in 1971) 
and always were found at the second operation (chole- 
dochoduodenostomy in 1974), third reoperation (sphinc- 
teroplasty in 1984), and fourth reoperation (hepaticoje- 
junostomy in 1987). 

Therefore, even if common duct parietal alterations 
due to bile stasis (Figs. 7B and D) were shown to be re- 
versible after removal of the stenosis (Lygidakis, oral per- 
sonal communication, 1988), in our opinion, when the 
vicious circle of infection—stasis—infection, which is crucial 
for brown stone formation, has begun and brown stones 
have formed, they will recur almost invariably, regardless 
of the treatment performed. Drainage procedures (large 
biliary enteric anastomoses, not sphincterotomy, should 
be used liberally in patients with brown pigment stones. 
They cannot prevent permanently brown stone refor- 
mation, but if they can assure good biliary clearing for a 
long period, they could minimize symptoms, even if ag- 
gregates of brown mud (i.e., brown stones) continue to 
form in the ducts. On the other hand, drainage 
procedures'* (sphincterotomy, cholechoduodenostomy) 
are not only unnecessary but also harmful in patient with 
‘pure’ black pigment gallstones, which never reform after 
cholecystectomy.” 

We documented that recurrent common duct brown 
stones form mostly in patients with a previous sphincter- 
otomy or sphincteroplasty for cholesterol, mixed, or black 
pigment stones. It can be hypothesized that sphincteric 
damage and bypass allow bile and duodenal juice to mix 
in the common duct. If duodenal content is sterile, bile 
is not infected and brown stones do not form. When duo- 
denal content becomes infected with age and associated 
intestinal motor disorders or gastric pathology, bile is also 
contaminated and, if bile stasis is concomitant, due to a 
stricture of the sphincterotomy, brown stones can form. 

In conclusion (1) bacteria actually constitute a sub- 
stantial portion of brown stones and are primarily re- 
sponsible for the formation of brown stones, which ac- 
count for the majority of pigment stones also in Western 
countries as well as in the Orient*® (53.5% of pigment 
stones, 6.1% of all gallstones in the present series). On the 
other hand, bacteria are not involved in the formation of 
cholesterol stones!®!? and in that of the great majority of 
black stones,'* which have a pathogenesis different from 
stasis—infection; (2) a sharp distinction between black and 
brown stones is not only useful for a better knowledge of 
the pathogenesis of the two main types of pigment gall- 
stones but is also crucial for clinical and therapeutic pur- 
poses, including the proper selection of the therapeutic 
options on the basis of stone type and etiology. 
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Early Gastric Cancer 


Twenty-eight- Year Experience 





A retrospective study of early gastric cancer (60 patients) was 
performed to evaluate its diagnosis and treatment. Ninety-five 
per cent of patients presented with nonspecific gastrointestinal 
symptoms and 53.3% had been treated for presumed benign dis- 
ease for up to 48 months before diagnosis. Fiberoptic endoscopy 
detected these lesions more accurately than radiologic exami- 
nation. The disease-free 5-year survival rate after resection was 
76.4%. Survival showed no significant correlation with sex, tumor 
site, macroscopic appearance, extent of gastric resection, or his- 
topathologic type. Tumors larger than 1.5 cm in diameter, in- 
vasion of submucosa, or lymph node metastasis resulted in sig- 
nificantly lower survival rates. Three of eight patients with nodal 
metastasis survived 5 or more years, including one who had sec- 
ond-echelon deposits. A high index of suspicion may permit more 
frequent detection. Extended lymphadenectomy (R2) is recom- 
mended to achieve the highest possible cure rate. 


ASTRIC CARCINOMA IS still one of the ten major 
causes of death due to cancer in the United 
States, even though its incidence decreased dur- 
ing the last three decades. Substantial interest has arisen 
in recent years in the diagnosis and management of early 
gastric cancer because very high cure rates can be achieved 
in this as compared with advanced stages of this dis- 
ease.'~* In the early 1960s, the Japanese Gastroenterol- 
ogical Endoscopy Society defined early gastric cancer as 
carcinoma limited to the gastric mucosa and submucosa, 
regardless of the presence or absence of lymph node me- 
tastases.* The Japanese Research Society for Gastric Can- 
cer provided a macroscopic classification of early gastric 
cancer in 1981.° Three types were described: type I, pro- 
truded lesions; type II, superficial lesions that may be flat 
(Ila), minimally elevated (IIb), or minimally depressed 
(IIc); and type III, excavated or depressed lesions. 
In a recent report from the Tokyo Women’s Medical 
College of 1019 patients with early gastric cancer resected 
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for cure between 1965 and 1982, 5-, 10-, and 15-year 
survival rates of 95%, 90%, and 85%, respectively, were 
observed. The improvement in survival is attributed to 
early diagnosis by the use of mass screening programs, 
increasingly sophisticated equipment such as the panen- 
doscope and enlargement fiberscope, and advanced tech- 
niques including dye-spraying endoscopy and spectro- 
photometric color analysis of gastric mucosa. With these 
methods the incidence of gastric cancer diagnosed at this 
early stage has increased in Japan from 5% to more than 
30% during the past 15 years, with 2400 cases reported 
in 1980.’ 

Although the numbers are less impressive, reports of 
early gastric cancer have appeared in the western litera- 
ture.*-'' These reports have corroborated the Japanese 
findings of a high cure rate of gastric cancer when diag- 
nosed and treated before infiltration of the muscularis 
propria. Vigorous efforts therefore have been initiated to- 
ward the early detection of these tumors worldwide. In 
the United States approximately 23,000 cases of gastric 
cancer are reported annually but the incidence of early 
gastric cancer detection is only 3% to 6%, or approximately 
1400 cases per year.'? Mass screening of this population 
is difficult to justify on economic grounds but evidence 
suggests that greater clinical suspicion and meticulous re- 
peated diagnostic evaluation, especially by endoscopic 
examination of selected patients, may increase the rate of 
detection of these early lesions. 

The purpose of the present study was to review the 
experience of patients treated for early gastric cancer at 
our center to determine whether there is a specific pattern 
of clinical, laboratory, radiographic, or endoscopic features 
that could distinguish them from patients with benign 
gastric disease. Accuracy of our diagnostic methods, rea- 
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sons for diagnostic delay, and the outcome of treatment 
also were analyzed. 


Methods 


Patients with early gastric cancer were identified from 
two databases of gastric cancer at the Memorial Sloan- 
Kettering Cancer Center: one was a retrospective collec- 
tion of curatively treated gastric carcinomas (1960 to 1984) 
and the other was a prospectively maintained database 
started in 1985. Sixty patients were found to meet the 
histologic criteria for early gastric cancer. These patients’ 
medical records were reviewed to ascertain the type and 
duration of symptoms, clinical, laboratory, radiographic, 
and endoscopic findings, type of gastric resection, tumor 
size, location, histologic differentiation, depth of gastric 
wall invasion, lymph node status, and follow-up infor- 
mation, including recurrence and survival. The tumors 
were also categorized by their macroscopic appearance 
according to the Japanese Research Society for Gastric 
Cancer.” Survival distributions were computed using the 
method of Kaplan and Meier’? and univariate analyses 
of survival comparing patient subgroups were performed 
using the log rank statistic. 


Results 


Of the 60 patients who had early gastric cancer during 
the 28-year period of the study, 10 were treated during 
the first half and 50 during the second half of this period. 
There were 35 men and 25 women; the male to female 
ratio was 1.4:1. They consisted of 51 whites, 5 Asians, 2 
blacks, 1 Hispanic, and | Indian. Seventeen of the patients 
were born abroad and immigrated to the United States; 
the length of residence in the United States ranged from 
21 to 62 years. The mean age at diagnosis was 62 years. 
with a range of 44 to 89 years. 


Associated Diseases 


Gastric cancer was a second primary malignant tumor 
diagnosed in 10 of the 60 patients, occurring 2 to 20 years 
after treatment of the first primary tumor. The sites of 
the first malignant tumor included the rectum in three 
patients, uterine cervix in two patients, and, in one patient 
each, the lung, breast, skin, larynx, and renal pelvis. None 
of these patients had evidence of their first malignancy at 
the time the diagnosis of early gastric carcinoma was 
made. 

Fifteen patients (25%) had pre-existing conditions that 
may be implicated in the development of gastric carci- 
noma; the conditions were documented 2 to 27 years be- 
fore the diagnosis of gastric cancer was made. Twelve pa- 
tients had long-standing peptic ulcer disease; two of these 
patients underwent subtotal gastrectomy 17 years earlier. 
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In three patients, two of whom had Barrett’s esophagus 
and one had pernicious anemia, gastric cancer was de- 
tected by yearly surveillance studies. 


Presenting Features 


Fifty-seven of the sixty patients (95%) underwent di- 
agnostic studies for upper gastrointestinal symptoms. 
Epigastric pain and dyspepsia were the most common 
complaints. Weight loss in 13 patients ranged from 6 to 
23 kg during a 2- to 10-month period. Forty-two per cent 
of the patients sought medical attention within 2 months 
of onset of their symptoms. The remaining 58% endured 
their symptoms from 3 to 72 months before seeking med- 
ical consultation. Seventy-two per cent of patients had no 
physical findings referable to their gastric lesions. The most 
frequent physical finding was epigastric tenderness, pres- 
ent in 10% of the patients. Anemia was the most common 
laboratory abnormality; it was found in 21.6% of the pa- 
tients. 


Methods of Diagnosis 


The diagnostic methods and the sequence in which they 
were used differed according to the time period in which 
the patient was treated and whether the patient first con- 
sulted a gastroenterologist or a physician of some other 
specialty. Fiberoptic gastroscopy was not commonly per- 
formed in the 1960 to 1970 period. 

A diagnosis of cancer was obtained in all 12 patients 
who underwent endoscopy as their first diagnostic pro- 
cedure. An average of four to six biopsies were taken to 
obtain the diagnosis. A computed tomogram (CT) was 
obtained as the first diagnostic procedure in one patient. 
Although thickened rugal folds were reported on CT, the 
definitive diagnosis of cancer was obtained later by en- 
doscopy in this patient. 

An upper gastrointestinal barium examination was the 
first study performed in 47 patients. Double-contrast ex- 
amination with thin barium was not used routinely, except 
during the last 10 years. Malignancy was diagnosed in 
eight (17%) of these studies. Of the remaining 39 studies, 
28 (59.6%) were reported as benign disease and 11 (23.4%) 
were equivocal. Six patients with reported benign disease 
underwent repeat radiographic examinations for persistent 
symptoms 2 to 12 months after their initial procedure; 
these radiographs were likewise considered to be consistent 
with benign ulcer disease. Endoscopy was performed sub- 
sequently on 37 of these 39 patients. A diagnosis of cancer 
was obtained by biopsy or cytology in 30 patients (81.1%), 
and of gastritis or peptic ulcer disease in seven patients. 
Repeat endoscopy was performed on these seven patients 
at 2- to 12-month intervals, resulting in the diagnosis of 
cancer in five. One of the seven patients underwent three 
endoscopic procedures during a period of 6 months, and 
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another had six endoscopic procedures during a period 
of 18 months, before the definitive diagnosis was obtained. 
The remaining 2 of the 39 patients were brought to the 
operating room with presumed peptic ulcer disease, with- 
out benefit of preoperative endoscopy. 

In total 32 of the 60 patients (53.3%) were diagnosed 
erroneously as having benign ulcer disease and/or gastritis 
and were treated with antacids and H2-receptor antago- 
nists at the time of their initial presentation. The diagnostic 
delay ranged from 2 to 48 months (mean, 14.3 months) 
in these patients. Twenty-nine of these patients were 
treated for presumed benign disease on the basis of their 
radiographic findings. Endoscopic procedures subse- 
quently were performed in this group of patients only 
when their symptoms proved refractory to medical ther- 
apy. Two of the seven patients who required multiple 
endoscopic procedures actually exhibited healing of the 
ulcer with improved symptoms at the time of repeat eval- 
uation. 


Surgical Treatment 


The surgical procedure performed was based on the 
location and extent of the lesion in all instances. Distal 
subtotal gastrectomy was performed in 42 patients, eso- 
phagogastrectomy in 8 patients, proximal subtotal gas- 
trectomy in 4 patients, total gastrectomy in 4 patients, 
and wedge excision of polyps in 2 patients. The latter 
procedure was performed before the popular use of fiber- 
optic endoscopy in two patients who had small gastric 
polyps visualized by upper gastrointestinal barium ex- 
amination. Concomitant procedures included 8 splenec- 
tomies, 4 cholecystectomies, and | distal pancreatectomy. 
Six of the splenectomies and the pancreatectomy were 
performed as en bloc resections for tumors close to these 
organs. Two splenectomies were performed as a result of 
intraoperative injury. All four patients who underwent 
cholecystectomy had symptomatic biliary disease and 
preoperative evidence of cholelithiasis. 

The extent of the lymphadenectomy performed re- 
flected the opinion and judgment of the surgeon and var- 
ied considerably during the 28-year period of the study. 
Lymphadenectomy was classified as R1 if dissection in- 
cluded only the first echelon or immediately adjacent 
nodes, R2 if the second echelon of draining nodes was 
included, such as those along the left gastric, celiac, and 
common hepatic artery. Review of the operative reports 
indicated that two patients showed gross nodal metastases, 
which prompted the performance of wide lymphadenec- 
tomy. An R1 lymphadenectomy was performed in 40 pa- 
tients and an R2 lymphadenectomy in 18; no lymph node 
dissection was performed in the two patients who under- 
went wedge polypectomy. 

Fourteen complications occurred in 13 patients: pneu- 
monia in 3, myocardial infarction in 2, anastomotic leak 
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in 2, wound disruption in 2, wound infection in 2, small 
bowel obstruction in 1, and intra-abdominal abscess in 
1. These complications resolved with medical treatment; 
no surgical intervention was required except in one patient 
who underwent operative repair of wound disruption. The 
anastomotic leaks were treated conservatively with bowel 
rest and parenteral nutrition. The intra-abdominal abscess 
was drained percutaneously with CT guidance. 





Pathology 


All tumors were adenocarcinomas and ranged in size 
from microscopic foci to 7 cm in diameter. Thirty arose 
in stomachs with a background of coexisting pathologic 
changes: chronic ulcer in 18, chronic gastritis in 7, intes- 
tinal metaplasia in 4, and mucosal atrophy in |. Thirty- 
nine (65%) of the tumors were intramucosal; 21 (35%) 
extended into the submucosa. By macroscopic classifi- 
cation, there were 16 (26.7%) type I, 12 (20%) type II, and 
32 (53.3%) type III lesions. 

The type I protruded lesions were intramucosal in 12 
(75%) and penetrated the submucosa in four patients 
(25%). The 12 type II superficial lesions were equally di- 
vided between the intramucosal and submucosal cate- 
gories. Twenty-one (65.6%) of the type III excavated le- 
sions were intramucosal and 11 (34.3%) invaded the sub- 
mucosa. ' 

The type II superficial lesions were generally smaller in 
size than either the type I protruded or type III excavated 
lesions; the mean diameters were 1.9, 2.4, and 2.5 cm, 
respectively. Twenty-seven (45%) cancers were located in 
the body of the stomach, 22 (36.7%) in the pyloric antrum, 
eight (13.3%) at the cardioesophageal junction, and three 
(5%) in the fundus. Protruded and excavated lesions were 
found more commonly in the antrum and body while the 
superficial lesions were located mainly in the body of the 
stomach. Most of the lesions were either grade | well dif- 
ferentiated (58.4%) or grade 2 moderately differentiated 
(33.3%) tumors with an even distribution among the three 
macroscopic types of cancer. Fifty-two (86.7%) of the tu- 
mors were of the intestinal type and eight (13.3%) of the 
diffuse type based on the histopathologic classification of 
Lauren. '4 

All surgical margins were microscopically negative. 
Metastatic deposits in lymph nodes were histopatholog- 
ically confirmed in 8 (13.3%) of the 60 patients (Table 1). 
In five of these patients the deposit consisted only of a 
microscopic focus (less than | mm in diameter). Mac- 
roscopic replacement of lymph nodes was found in three 
patients, including one who had both microscopic and 
macroscopic deposits. Six of the eight patients had met- 
astatic involvement of the first-echelon (N1) lymph nodes 
only; included in this group were all three patients with 
macroscopic deposits. Two of the patients had metastases 
in second-echelon (N2) lymph nodes; these were micro- 








SSS a 


= 








330 LAWRENCE AND SHIU Ann. Surg. + April 1991 
TABLE 1. Early Gastric Cancer with Lymph Node Metastasis, Pathologic Features, Treatment, and Outcome 
Lymph 
Node Macroscopic Size 
Stage Type Depth of Invasion (cm) Lymphadenectomy Outcome 
NI II Mucosa 4.0 R2 NED 105 m 
NI I Mucosa 7.0 RI DOD 10 m 
NI II Mucosa and submucosa 1.8 RI DOD 45 m 
NI Ill Mucosa and submucosa 4.8 RI NED 77 m 
NI Ila Mucosa and submucosa 2.0 RI DOD 21 m 
N2 II Mucosa 1.4 R2 NED 60 m 
N2 Ia Mucosa and submucosa 1.8 R2 DOD 11m 
N2 II Mucosa and submucosa 7.0 R2 DOD 12 m 





DOD, dead of gastric cancer disease; m, months; NED, no evidence 
of disease. 

N1, metastasis in lymph nodes within 3 cm of the tumor; N2. metastasis 
in lymph nodes farther than 3 cm from the tumor, such as those along 


scopic deposits in the celiac node of a patient with a lesser 
curvature lesion and in a mediastinal paraesophageal node 
of a patient with a tumor in the cardioesophageal junction. 

Five of the eight patients with nodal metastases had 
excavated lesions, two had superficial lesions, and one 
had a protruded lesion (Table 1). Three of the eight lesions 
were intramucosal; five invaded the submucosa. Five of 
the eight tumors were of the intestinal variety: one of pro- 
truded type, one superficial type, and three excavated type. 
Three were of the diffuse variety: two of excavated type 
and one superficial type. 


Adjuvant Therapy 


Only one patient, who had microscopic evidence of 
metastatic disease in the first-echelon (N1) lymph nodes, 
received adjuvant postoperative chemotherapy. This pa- 
tient developed lung metastases 45 months after surgery 
and subsequently died of his disease. 


Recurrence 


Ten of the sixty patients (16.7%) developed either local 
or systemic recurrence of disease at a mean interval of 26 
months after surgery. One half of these patients had lymph 
node metastases at the time of surgery. Eight of the ten 
patients who recurred had tumors that invaded the sub- 
mucosa. With regard to histologic grade, three of the ten 
patients had well-differentiated (grade 1) tumors, six had 
moderately well-differentiated (grade 2) tumors, and one 
had a poorly differentiated (grade 3) tumor. The mean 
survival of this group was 2.7 months after detection of 
recurrence. 


Survival 


None of the patients died within 30 days of the oper- 
ation or at any time during their postsurgical hospital 
stay. Survival data was available in all 60 patients. Follow- 


the celiac, common hepatic, or splenic arteries. 
R1 and R2 refer to lymphadenectomy with removal of the first or the 
first plus the second echelons of regional lymph nodes. 


up times ranged from 11 to 270 months (mean, 57 
months) from the date of resection. The Kaplan-Meier 
estimates of 5- and 10-year disease-free survival rates were 
both 76.4% (Fig. 1). Ten patients (16.7%) died of recurrent 
gastric cancer; nine died of other causes. The remaining 
41 patients are alive without evidence of tumor recurrence. 

Comparison analysis of the survival distributions 
showed that there was no significant difference in the dis- 
ease-free survival of patients based on sex, the location of 
the cancer within the stomach, macroscopic appearance, 
extent of gastric resection, scope of regional lymphade- 
nectomy, or the Lauren histopathologic type. There was, 
however, a significant difference in survival according to 
tumor size, depth of invasion, and the presence or absence 
of lymph node metastases. 

Figure 2 shows the difference in the survival distribution 
according to the size of the tumor (p < 0.05). The 5-year 
disease-free survival for the 18 patients with tumors mea- 
suring less than 1.5 cm was 100% compared with 67.5% 
for the 42 patients with tumors larger than 1.5 cm. Only 
one of eighteen patients with a tumor less than 1.5 cm 
had lymph node metastases at the time of surgery. This 
patient, who had a type III excavated tumor with second- 
echelon (N2) nodal involvement, is without evidence of 
disease 60 months after resection with R2 lymphadenec- 
tomy. Fifteen of eighteen patients with small tumors had 
intestinal type and three had diffuse type lesions. 

The difference in survival distribution according to the 
depth of invasion (p < 0.0005) is shown in Figure 3. In- 
tramucosal lesions in 39 patients resulted in a 92.6% 5- 
year disease-free survival rate, in contrast to 48.8% for 
tumors that invaded the submucosa in 21 patients. 

The presence or absence of lymph node metastasis 
had a significant influence on disease-free survival (p 
< 0.00005), as shown in Figure 4. Only three of the eight 
patients with positive lymph nodes, as compared with 45 
of 52 (87%) for patients with negative lymph nodes, sur- 
vived free of disease after 5 years. The three survivors 
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consisted of two who had first-echelon (N1) and one who 
had second-echelon (N2) deposits. Of the two survivors 
who had N1 disease, one underwent an R2 lymphade- 
nectomy for a diffuse-type, moderately differentiated, ex- 
cavated tumor that was confined to the mucosa; the other 
underwent an R1 lymphadenectomy for an intestinal- 
type, well-differentiated, submucosal excavated tumor that 
had one microscopic focus of metastatic disease. The sur- 
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viving patient who had N2 disease underwent an R2 
lymphadenectomy for a diffuse-type, well-differentiated, 
intramucosal excavated lesion (Table 1). 


Discussion 


Early gastric cancer has been identified as a distinct 
clinical entity with a high surgical cure rate when com- 
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FIG. 3. Postoperative disease- 
free survival distribution of 
early gastric cancer patients 
according to depth of inva- 
sion (Kaplan-Meier plots). 
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these 60 patients treated in New York supports this con- 
cept and argues for more aggressive efforts to detect these 
lesions. Despite declining numbers of gastric cancer cases 
in this country, the incidence of these early lesions has 
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been increasing in our institution and others since the 
advent of the fiberoptic gastroscope with capabilities for 
punch biopsy and brush cytology. Japanese studies suggest 
that advanced gastric cancer is preceded by the early lesion 
by about 5 to 10 years. Therefore hope for improved sur- 
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FIG. 4. Postoperative disease- 
free survival distribution of 
early gastric cancer patients 
according to lymph node 
status. NO, lymph nodes free 
of metastasis. N1 or N2, me- 
tastasis in first or second 
echelon of regional lymph 
nodes (Kaplan-Meier plots). 
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vival in this disease lies in our ability to detect and treat 
these lesions at an early stage. Because mass screening for 
this disease is not practical in the United States, other 
methods of early detection must be sought. 

It is evident from this series that a prerequisite for the 
discovery of an early gastric lesion is the presence of 
symptoms referable to the upper gastrointestinal tract, i.e., 
epigastric pain or dyspepsia, because 95% of our patients 
presented in this manner. Such nonspecific symptoms, 
particularly during the sixth or seventh decade of life, 
should not be regarded routinely as benign, non-neoplastic 
disease and, if persistent, should warrant investigation. In 
fact more than one third of the patients in this series had 
pre-existing benign gastric disease that prompted surveil- 
lance studies; these studies led to early diagnosis of their 
cancer. Therefore select screening of high-risk patients, 
including those with symptoms referable to the upper 
gastrointestinal tract, and careful follow-up evaluation of 
patients with seemingly benign gastric disease should im- 
prove the detection rate of early gastric cancer. 

The diagnostic accuracy of radiographic evaluation was 
17% and endoscopic evaluation was 86% in this series. 
The low yield of radiologic diagnosis is due to the fact 
that double-contrast thin barium examination was not 
used routinely. Endoscopy is the procedure of choice and 
should be performed on all patients in whom the diagnosis 
of gastric cancer is suspected. Not all early cancers are 
fluoroscopically visible and minute lesions can be missed 
even by double-contrast radiography. Malignancy asso- 
ciated with what appeared to be chronic gastric ulcer was 
prevalent in this series. This observation emphasizes the 
importance of repeated endoscopy and multiple biopsy 
specimens in the management of patients with benign 
gastric lesions, especially because the radiographic and 
endoscopic appearances of some early gastric cancers may 
mimic those of benign disease. It is worth remembering 
that as has been reported by others!* and also observed 
in our study, ulcerating gastric carcinomas as well as be- 
nign gastric ulcers may heal with the administration of 
antacids and H2-receptor antagonists. 

In our series early gastric cancer assumed many vari- 
ations in the site, macroscopic appearance, size, and degree 
of histologic differentiation. However a high incidence of 
type III excavated lesions was noted and nearly one half 
of all tumors in our patients were located in the body of 
the stomach. These two phenomena have been reported 
in the Japanese literature.'° Significant prognostic vari- 
ables found to favor survival in these patients included 
small tumor size, lack of submucosal invasion, and neg- 
ative lymph node status. Depth of invasion has been 
shown to be of the highest prognostic significance, fol- 
lowed by lymph node metastases, in many Japanese and 
Western studies. Because the small (diameter measuring 
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less than 2 cm), protruded (type I) intramucosal lesions 
rarely have lymph node metastases, endoscopic resection 
by cautery snare has been advocated, particularly for el- 
derly patients.!’ 

The extent of lymphadenectomy remains a controver- 
sial issue in the management of early gastric cancer. In 
Japan the standard treatment policy for all potentially 
curable patients with gastric carcinoma is radical resection, 
including extensive lymphadenectomy. This policy is ap- 
plied to early as well as advanced gastric cancer; substantial 
increases in survival time have been reported.'*”° Ap- 
proximately 90% of early gastric cancers are reported to 
be node negative.'”' The 5-year disease-free survival rate 
of node-negative patients was 86.7% in our series. How- 
ever about 10% of patients in most series of early gastric 
cancer have shown lymph node metastasis,'°?! and this 
was encountered in 8 of 60 patients in our study. Three 
of these eight patients survived after resection with 
lymphadenectomy. Two of these eight patients had met- 
astatic deposits in second-echelon (N2) nodes. The risk 
of lymph node involvement was slightly greater with tu- 
mors showing submucosal invasion (23.8%) than with in- 
tramucosal lesions (7.7%). Because of the possibility of 
N2 metastasis, even with accurate knowledge of the depth 
of invasion (Table 1), selective performance of simple or 
R1 gastrectomy for mucosal lesions and extended lymph- 
adenectomy (R2) for tumors showing submucosal inva- 
sion is not justified. We think an aggressive surgical ap- 
proach including extended lymphadenectomy should be 
used for all early gastric cancers if there is potential for 
cure. The only exception may be the small protruded (type 
I) intramucosal lesion that can be removed by endoscopic 
cautery snare, particularly in frail patients. The benefit of 
extended lymphadenectomy as applied to all stages of 
curable gastric cancer must be proved by prospective ran- 
domized clinical trial. However the surgeon who treats 
an early gastric cancer needs to consider that even though 
the cure rate is high, up to 10% of these tumors have 
lymph node metastases and that such metastases may be 
present in a second-echelon lymph node. At least for this 
reason, extended lymphadenectomy (R2) should be per- 
formed for these highly curable patients. 
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Glucagon has been demonstrated to have profound effect on bil- 
iary secretion in several species. Glucagon’s biliary effects were 
studied in humans following biliary tract surgery. Nine patients 
underwent common bile duct exploration and insertion of a bal- 
loon-occludable t tube. An aliquot of the collected sample was 
kept and the enterohepatic circulation was maintained by rein- 
fusion of the collected bile via the distal t-tube port. Glucagon 
increased bile flow and decreased cholesterol and phospholipid 
output during stable bile acid output. Furthermore high-perfor- 
mance liquid chromatographic analysis of bile acid profiles re- 
vealed no significant changes in bile salt species or conjugation 
after glucagon infusion. Glucagon is probably important in the 
physiologic regulation of biliary secretion in humans. 


EPATIC BILIARY SECRETION is a complex pro- 
cess with several steps that are energy dependent 
and other components, such as paracellular 
flow, that are more simple. A fraction of bile flow depends 
on active secretion of bile salts from the hepatocyte, while 
the bile canaliculus also secretes a fraction of bile that is 
seemingly independent of bile salt secretion. Canalicular 
bile then undergoes significant modification in the biliary 
ductules principally involving secretion and absorption 
of electrolytes. Classically biliary cholesterol secretion is 
a passive process closely linked to the solvent properties 
of bile acid and phospholipid. Several factors that influ- 
ence these processes are known, but a great deal remains 
to be learned regarding their regulation. 
Glucagon increases the secretion of large, inert markers 
such as erythritol into bile in several species including 
dogs, cats, and humans.'~* Such data indicate that glu- 
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cagon stimulates the bile acid-independent fraction of 
canalicular bile secretion. In addition glucagon decreases 
cholesterol and phospholipid secretion at physiologic 
doses.*° A variety of evidence suggests that glucagon is 
physiologically important in the regulation of biliary se- 
cretion in animals.**° Evidence that glucagon might be 
important in humans include glucagon’s other hepatic 
effects such as on glucose metabolism, hepatic extraction 
of glucagon,’ and a preliminary investigation suggesting 
that this might be so.” Whether glucagon influences the 
secretion of specific bile acids has not been studied in 
humans. The following experiments were performed to 
study the effects of glucagon on bile flow and composition 
in the intact human liver. 


Methods 


Nine adult patients underwent biliary tract surgery. A 
triple-lumen t tube with a distal inflatable balloon was 
placed at the time of surgery to permit complete diversion 
and reinfusion of bile. The patients were studied for a 
minimum of 8 days after surgery, at which time they were 
tolerating a regular diet and had normal liver function 
tests. The t tubes had been clamped for at least 3 days 
and biliary tract integrity was confirmed by t-tube chol- 
angiogram. After an overnight fast, studies were performed 
in random order on successive days. Throughout each 
experiment, 0.9% sodium chloride was infused at 60 mL/ 
hour via a peripheral vein. The common bile duct was 
occluded by inflation of the t-tube balloon, and bile was 
collected in 15-minute periods. A small quantity was kept 
for analysis and the remainder was reinfused through the 
distal port to maintain an intact enterohepatic circulation. 
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Following four 15-minute periods, patients received a 2- 
hour infusion of either glucagon (2 ug/kg/hr) or sodium 
chloride 0.9%. Peripheral blood samples were drawn 
hourly in iced tubes and immediately processed and stored 
at —20°C for later analysis. Samples for glucagon analysis 
contained 4.2 ug aprotinin (Sigma Chemical Co., St. 
Louis, MQ). All patients were studied under control and 
experimental conditions. 

Bile volumes were measured to the nearest 0.1 mL. 
Bile acid concentration was determined by the 3-alpha- 
hydroxysteroid method using sodium taurocholate and 
the standard. Biliary lipids were extracted using the 
method of Folch’ and total phospholipids were quantified 
using a modified method of Fisk and Subbarow."” Biliary 
cholesterol was determined by the method of Abell et al."' 

Plasma glucose was determined using a Beckman glu- 
cose analyzer (Beckman Instruments, Palo Alto, CA). 
Radioimmunoassay for glucagon was performed using 
Unger’s 30-K antiserum after the method of Unger et 
al.'* Insulin radioimmunoassay was performed using a 
modification of the double-antibody procedure of Morgan 
and Lazarow.!? 

High-performance liquid chromatography was used to 
determine the profiles of conjugated bile acids. Samples 
were analyzed after the method of Rossi et al.'* using Sep- 
Pak (Waters Co., Milford, MA) absorption of 50-uL sam- 
ples with PO, buffer at pH 7 followed by Waters 8-mm 
ubondpak C-18 column at 201-nm wave length for 36 
minutes. 

Statistical analysis of data was performed between 
preinfusion and experimental periods and between ex- 
periments using the t test for paired values. The experi- 
mental protocol was approved by the Committee on Hu- 
man Experimentation and informed consent was obtained 
from each patient. 
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FIG. 1. Bile flow increased after glucagon infusion and returned toward 
baseline immediately after the infusion was stopped (* denotes p < 0.05 
compared to preinfusion value). 
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FIG. 2. Bile acid output was variable among patients and did not change 
significantly during glucagon infusion. 


Results 
Bile Flow 


Bile flow increased significantly in all patients within 
30 minutes of the onset of glucagon infusion (Fig. 1). 
Flow increased from a baseline of 9 + 0.9 mL/15 min. in 
the fourth period to a peak of 12.8 + 1.1 mL/15 min. 30 
minutes after infusion began. Bile flow promptly returned 
to baseline after cessation of glucagon infusion. Bile flow 
did not change from baseline during saline infusion and 
was significantly lower than with glucagon infusion in all 
test periods. 


Bile Acid 


Bile acid concentration decreased significantly during 
glucagon infusion from 39 + 8 umol/L (micromolar)/mL 
in period 4 to a trough of 22 + 6 umol/L/mL in period 
13 (Fig. 2). Bile acid output varied widely among patients, 
but total bile acid output did not change significantly dur- 
ing glucagon infusion. Bile acid concentration and output 
did not change during saline infusion, but the concentra- 
tion was significantly higher in the saline than glucagon 
group in periods 7 through 12. 


Bile Acid Profiles 


Bile samples from four patients (eight studies) were an- 
alyzed for conjugated bile acid profiles (Table 1). Con- 
jugates of primary bile acids predominated in all samples 
(range, 90% to 99%). Glycine conjugates (79% to 95%) 
were more abundant than taurine (5% to 21%), and the 
glycine:taurine ratio ranged from 3.76 to 19 among sam- 
ples. 

The predominant bile acids in all samples were gly- 
cocholic acid (44% to 73%) and glycochenodeoxycholic 
acid (17% to 41%). Taurocholic and taurochenodeoxy- 
cholic acids were found in all other samples, comprising 
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TABLE |. Bile Acid Profile During Control and Glucagon 
Experiments (n = 4) 


% Primary % Glycine 


Experiment Period Bile Acids Conjugates % GLC  % GCDC 
Control L $6221.38: 680 £32 .S8:3262. 260+34 
95.3223 89.5 +30 OLSE 3.7 230+ 3.8 

IS 96.3415 WIEM 36 = 51 295219 

Glucagon lL $8219 898217 Nat 45 29:3 + 3.5 
Ji DetS OO0420 S732. 34 30:3 + 2.6 

IS « D325 GLE ALS 5652 A3 33348 


GDC, glycocholic acid; GCDC, glycochenodeoxycholic acid. 


1% to 11% of total bile acids. Glycodeoxycholic acid was 
found in all samples of two patients (1% to 7%) but was 
not found in the two others. Trace amounts of other sec- 
ondary and tertiary bile acids were found in most samples. 

No significant changes were noted in the percentage of 
primary bile acids, glycine to taurine ratio, or fraction of 
the various bile acids before and after glucagon infusion, 
or between the glucagon and saline groups. 


Cholesterol 


Cholesterol concentration decreased significantly from 
129 + 14 mg/dL in period 4 to 76.4 + 6.3 mg/dL in 
period 8 and remained decreased throughout all remaining 
periods (Fig. 3). Cholesterol output decreased significantly 
from 11.8 + 2.0 mg/15 min. in period 4 to 8.8 + 1.0 mg/ 
15 min. in period 8, and it decreased further through all 
remaining periods. Neither cholesterol concentration nor 
output changed with saline infusion. Cholesterol concen- 
tration was higher during saline infusion in periods 8, 10, 
and 12 as compared to glucagon infusion. 
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FIG. 3. Biliary cholesterol output decreased significantly during glucagon 
infusion, and continued to decline after the infusion was stopped 
(* denotes p < 0.05 compared to preinfusion value). 
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Phospholipid 


The phospholipid concentration decreased significantly 
with glucagon infusion from 45.0 + 15.0 mg/dL in period 
4 to 31.0 + 13.0 mg/dL in period 8 (Fig. 4). The total 
phospholipid output decreased significantly with glucagon 
infusion from 41.5 + 19.3 mg/15 min. to 31.4 + 13.2 
mg/15 min. in periods 4 and 12, respectively. There was 
no change in phospholipid concentration or output during 
saline infusion. 


Glucose 


Serum glucose (Fig. 5) increased significantly with glu- 
cagon infusion from 107 + 9 mg/dL in period 4 to 152 
+ 28 mg/dL in period 8 (Table 2.). Following the cessation 
of glucagon infusion, glucose levels returned to baseline 
within | hour. The peak increase represented an increase 
of 53% above baseline. Glucose levels were unchanged 
during saline infusion. 


Glucagon 


Serum glucagon (Fig. 5) increased as expected during 
infusion from 163 + 0 pg/mL in period 4 to 1763 + 205 
pg/mL in period 12 (Table 2). Levels returned to baseline 
within | hour after the glucagon infusion was stopped. 
Glucagon levels were unchanged during saline infusion. 


Insulin 


In all patients serum insulin (Fig. 5) levels increased 
during glucagon infusion (from 43 + 7 aU/mL in period 
4 to a peak of 142 + 40 aU/mL in period 8) (Table 2). 
Levels of serum insulin remained stable throughout saline 
infusion. 


60 


40 


> 
"oaan 


ry 
—#— Control 


-==@--- Glucagon 








20 


Output (mg) 







2 4 6 8 10 12 14 16 
Time (15 minute periods) 


FIG. 4. Biliary phospholipid output decreased significantly during glu- 
cagon infusion and continued to decline after the infusion was stopped 
(* denotes p < 0.05 compared to preinfusion value). 
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TABLE 2. Serum Glucose and Hormone Profiles During Control 
and Experimental Conditions (n = 5)' 


Per 4 Per 8 Per 16 

Control 

Glucose (mg/dL) 96+ 6 95+ 8 95+ 8 

Glucagon (pg/mL) 140 + 22 141+ 20 158 £ 23 

Insulin (uU/mL) 43+ 6 41+ 7 42+ 7 
Glucagon 

Glucose (mg/dL) 107+ 8 S22 23° 104+ 22 

Glucagon (pg/mL) 163 + 40 1683 + 3187 598 + 336 

Insulin (uU/mL) 45+ 8 142+ 41? 139+ 60 


* p = 0.05; tp = 0.003 
! Glucagon infusion 2 ug kg`' -+ hr! during periods 5 to 12. 
? p = 0.059. A large standard deviation prevents statsitical significance. 


Discussion 


These data extend previously reported observations in 
a single patient that intravenously infused glucagon has 
profound effects on hepatic bile production and compo- 
sition.? Glucagon increased bile flow during stable bile 
acid output, supporting data from other species and hu- 
mans that glucagon stimulates the bile acid ‘independent’ 
fraction of canalicular secretion.'*~'’ Further evidence that 
glucagon’s effects are bile acid independent is contained 
in the detailed bile acid analysis. In addition glucagon 
infusion resulted in decreased secretion of biliary choles- 
terol and phospholipid. 

Previous work from this laboratory in patients whose 
livers were denervated by orthotopic transplantation 
ylelded similar results, indicating a mechanism indepen- 
dent of the sympathetic or parasympathetic nervous sys- 
tems.'* Kaminski et al.° recently demonstrated the cho- 
leretic effect of endogenous glucagon, which was stimu- 
lated by amino acid administration. In his studies, 
however, a fraction of the choleresis noted could not be 
attributed to glucagon based on comparisons of plasma 
glucagon levels. It was speculated that the concomitant 
increase in serum insulin caused by the amino acid ad- 
ministration accounted for a portion of the choleresis seen. 
Schirmer et al.* demonstrated that glucagon was choleretic 
in the dog at physiologic doses independent of insulin. 
Furthermore cholesterol was significantly suppressed by 
such doses, although no decrease in phospholipid output 
was seen. Garberoglio et al.* demonstrated in the dog that 
glucagon infusion at doses yielding approximately post- 
prandial levels caused a choleresis and suppressed cho- 
lesterol and phospholipid output. Exogenous glucagon 
produces chloride-rich bile secondary to enhanced chlo- 
ride secretion or decreased ductular absorption. 

The mechanism of glucagon’s choleretic action remains 
unclear despite intense investigation. It is postulated that 
glucagon exerts its effect through a second messenger, 
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FIG. 5. Serum glucose (top), glucagon (middle), and insulin (bottom) 
levels. Glucagon or saline was infused during hours 2 and 3. There were 
significant increases in serum glucose and glucgon during the infusion, 
which promptly returned toward baseline. Serum insulin increased in 
all patients (n = 5), but did not reach statistical significance. (* denotes 
p < 0.05 compared to preinfusion value). 
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cyclic adenine monophosphate (AMP). Evidence to sup- 
port this theory is found in data demonstrating that glu- 
cagon effects are mimicked by the infusion of dibutyryl 
cyclic AMP infusion in the cat and dog.*'? At issue is 
whether cyclic AMP decreases cholesterol synthesis or de- 
creases cholesterol delivery into the canaliculus. Studies 
to resolve this question have not, as yet, been performed 
in humans. Support for a direct effect by glucagon on 
biliary secretion from hepatocytes has been shown in iso- 
lated perfused liver systems of the rat, guinea pig, rabbit, 
and other species.””-7" 

Recent data raise the possibility that glucagon may alter 
the way in which cholesterol is processed within the he- 
patocyte. Chronically administered glucagon increases the 
production and enterohepatic circulation of bile acids 
while decreasing the activity of hydroxymethylglutaryl 
coenzyme A reductase.’ This finding suggests that glu- 
cagon might ‘shunt’ cholesterol into bile acid synthesis. 
In addition glucagon administration has been shown in 
rats to stimulate autophagy, the process by which hepa- 
tocyte lysosomes disassemble intracellularly derived ma- 
terials.” Such stimulation was shown to decrease mark- 
edly lysosomal protein excretion into bile, although little 
effect was shown on lipid secretion in the rat. The pos- 
sibility is raised, however, that decreased lysosomal ex- 
cretion could explain, in part, the demonstrated decrease 
in cholesterol output. 

Glucagon’s coregulator of glucose homeostasis, insulin, 
also has been shown to induce choleresis in various spe- 
cies. Because glucagon infusion in this study caused hy- 
perinsulinemia, it is impossible to exclude this as a con- 
tributory factor in the choleresis seen. However insulin 
infusion at doses that cause higher serum insulin levels 
than the glucagon infusion in these studies was not cho- 
leretic in transplant patients and induced no suppression 
of lipid secretion.'® A synergistic effect of glucagon and 
insulin infusion was demonstrated in previous work, 
however, and such a synergism cannot be excluded in the 
present study. 

Theoretically glucagon could alter the uptake or trans- 
port of various bile acids across the hepatocyte. If such 
effects resulted in the differential secretion of more hy- 
drophilic bile acid species, glucagon’s choleretic effect 
could be classified as a bile acid-dependent phenomenon. 
The high-performance liquid chromatography bile acid 
profiles in these patients demonstrated no significant di- 
lution or alteration of species of secreted bile acids. These 
findings lend further support to the theory that glucagon’s 
choleretic effect is independent of canalicular bile acid 
secretion. In addition it is doubtful that the decreased 
lipid output can be explained by canalicular dilution of 
bile salt, in which case the phospholipid to cholesterol 
ratio would have remained constant. The data clearly 
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show more significant suppression of cholesterol (35%) 
than phospholipid (24%), an observation consistent with 
those seen in the previous intact patient,” as well as in the 
transplant group. '® 

In summary glucagon induced choleresis and sup- 
pressed biliary lipid secretion in patients with intact livers 
at the dose tested. In addition bile salt secretion remained 
stable and the profile of conjugated bile acids remained 
unchanged before and after glucagon infusion. These data 
support a possible role for glucagon as a modifier of bile 
formation and show that glucagon stimulates the bile acid- 
independent fraction of canalicular secretion in humans. 
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Changes in High-energy Phosphate Metabolism 
and Cell Morphology in Four Models 
of Acute Experimental Pancreatitis 
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JEAN L. OLSON, M.D., and JOHN L. CAMERON, M.D., F.A.C.S.* 





Previous studies using the isolated ex vivo perfused canine pan- 
creas preparation showed that during a 4-hour perfusion pan- 
creatitis (edema, weight gain, hyperamylasemia) can be induced 
by four different stimuli. The stimuli include the intra-arterial 
infusion of oleic acid (FFA), a 2-hour period of ischemia before 
perfusion (ISCH), partial obstruction of the pancreatic duct with 
secretin stimulation (POSS), and the intra-arterial infusion of 
cerulein at supramaximal doses (CER). In the present study, 
changes in high-energy phosphate metabolism, as determined 
by nuclear magnetic resonance spectroscopy, and changes in cel- 
lular structure, determined by light and electron microscopy, 
were documented for all four models of acute pancreatitis. The 
control preparations remained stable for the 4-hour perfusion 
period, with no decrease in adenosine triphosphate (ATP) levels. 
In the FFA preparations, ATP decreased to 36% of baseline 
levels during the 4-hour perfusion (p < 0.001). In the ISCH 
preparations, ATP decreased to undetectable levels during the 
2-hour period of ischemia, but recovered rapidly and remained 
at baseline levels during the perfusion. ATP levels remained 
stable in the remaining two models of pancreatitis (POSS, CER). 
Microscopy demonstrated that the initial injury was located 
chiefly in the capillaries (swollen endothelium, intravascular 
thrombi) in the FFA and ISCH preparations. In the POSS and 
CER preparations, capillary changes were minimal and the injury 
was located chiefly in the acinar cells (swollen endoplasmic re- 
ticulum, zymogen granule depletion, vacuolization). The POSS 
preparations also showed striking dilation of centroacinar lumens 
reflecting duct obstruction. In additional studies it was shown 
that the ATP decline in the FFA preparations could be signifi- 
cantly reduced by pretreatment with free radical scavengers. The 
morphologic changes could be reduced by free radical scavengers 
in the FFA and ISCH preparations. Any amelioration of mor- 
phologic injury in the POSS preparations was obscured by di- 
latation of centroacinar lumens in both treated and untreated 
groups. The morphologic changes in the CER preparations were 
reduced by treatment with a cholecystokinin inhibitor. 
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CUTE PANCREATITIS CAN be initiated in the iso- 

lated perfused ex vivo canine pancreas prepara- 

tion by four markedly disparate stimuli.'* These 
stimuli are the intra-arterial infusion of oleic acid (FFA), 
a 2-hour ischemic period before perfusion (ISCH), partial 
obstruction of the pancreatic duct with secretin stimula- 
tion (POSS), and the infusion of cerulein at a supramax- 
imal stimulatory rate (CER). In all four models of pan- 
creatitis, the physiologic injury response is similar, with 
edema, weight gain, and hyperamylasemia. In an effort 
to understand the injury response on a subcellular level, 
changes in high-energy phosphate metabolism and in cell 
morphology were followed in all four models of acute 
pancreatitis during a 4-hour perfusion period. The injury 
response in these four models has been shown previously 
to be ameliorated by free radical scavengers or by a cho- 
lecystokinin receptor antagonist.*° High-energy phosphate 
metabolism and cellular morphology also were recorded 
in these four models of acute pancreatitis when treated 
with free radical scavengers or with a cholecystokinin in- 
hibitor. 


Materials and Methods 
Experimental Preparation 


Adult mongrel dogs weighing between 18 and 23 kg 
were anesthetized with sodium pentobarbital. The pan- 
creas was removed and placed in a perfusion circuit in a 
humidified chamber, as previously described.' The per- 
fusate consisted of 400 mL of autologous blood, 100 mL 
of Ringer’s lactate solution, 0.5 g of glucose, 2.5 g of hu- 
man albumin, and 15 mEq of sodium bicarbonate. An 
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additional 0.25 g of glucose was administered after 2 hours 
of perfusion to maintain the glucose level in the perfusate 
over 70 mg/dL. An additional 1 or 2 mEq of sodium 
bicarbonate was administered when needed to maintain 
the pH level within the physiologic range (7.37 to 7.54). 

The pancreas was perfused through the splenic and su- 
perior mesenteric arteries at a constant flow (17 mL/100 
g of tissue/min.). The perfusate was collected in a venous 
reservoir via a cannula in the portal vein. From the res- 
ervoir the perfusate drained by gravity into a Harvey® 
infant oxygenator (C. R. Bard Inc., Billerica, MA) before 
being pumped back into the preparation. The temperature 
of the perfusate was maintained at 37°C with a heat ex- 
changer. 

The preparation was perfused initially during a 30- 
minute stabilization period, before the 4-hour study per- 
fusion. During this 4-hour perfusion period, the prepa- 
ration was monitored continuously and recorded hourly 
for gross appearance, weight, and arterial blood pressure. 
Samples of the perfusate were taken from the venous line 
after the 30-minute stabilization period (time 0), and 
hourly thereafter to assay for hematocrit, glucose level 
(automatized blood sugar analyzer, Beckman 2, Fullerton, 
CA) and amylase activity (AmyloTube®, Pharmacia Di- 
agnostics Inc., Fairfield, NJ,). Samples of the perfusate 
were taken from the arterial line at the same intervals to 
determine hemoglobin, pH, and blood gases (OSM 2 He- 
moximeter and Acid-Base Analyzer®, Radiometer, Co- 
penhagen, Denmark). Pancreatic juice was collected 
hourly via a 16 gauge cannula in the pancreatic duct. 

When monitoring high-energy phosphate metabolism 
by magnetic resonance spectroscopy (MRS), the prepa- 
rations were placed into the bore of a 4.7 T magnet of a 
spectrometer (General Electric, Fremont, CA). Phospho- 
rus-31 spectra were obtained at 81 MHz, with a three- 
turn surface coil placed away from the duodenal cuff, on 
the body, head, and uncinate process of the gland. The 
data were collected for 14.5 minutes for one spectrum. 
The first baseline spectrum was obtained during the 14.5 
minutes before time 0, and the 16 consecutive study spec- 
tra during the 4-hour perfusion period after time 0. The 
concentrations of ATP and inorganic phosphate (P;) were 
calculated as the areas of the respective signals in the 
spectrum and were related to the area of the phospho- 
monoester signal. 

In the preparations monitored for morphologic 
changes, tissue specimens were obtained for microscopy 
at time 0, and after 1 hour and 4 hours of perfusion. The 
specimens were taken from the same site of the pancreas 
in each preparation. The 1-mm? pieces were fixed over- 
night in 3% glutaraldehyde in phosphate buffer (pH 7.4), 
followed by 1% osmium tetroxide after fixation. The 
specimens were embedded in Araldite (Electronmicros- 
copy Sciences, Fort Washington, PA). Thick sections (1 
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um) were stained with toluidine blue for light microscopy 
and thin sections (60 to 90 nm) were stained with uranyl 
acetate and lead citrate for transmission electron micros- 
copy. Thick sections of four treated and four untreated 
preparations stained with toluidine blue were ranked for 
acinar Cell injury within each of the four models of pan- 
creatitis without knowledge of the treatment status. Three 
sections from each preparation were examined for degree 
of zymogen depletion and number of vacuoles. The eight 
preparations for each model were then ranked from most 
severe (rank 1) to least severe (rank 8) injury. 

To compare the results between groups, Student’s t test 
and variance analysis were used. 


Experimental Protocol 
Untreated groups I-V. 


Group I: Controls (12 preparations). These preparations 
were perfused for 4 hours after the initial 30-minute 
stabilization period. Eight preparations were monitored 
for phosphorus-31 by MRS and specimens for micros- 
copy were obtained from four preparations. 

Group II: Oleic acid (FFA) (12 preparations). These prep- 
arations were managed identically to those in group I, 
except that 0.15 mL of oleic acid (Sigma Chemical Co., 
St. Louis, MO) was infused into the arterial line over 
the first hour starting at time 0. Eight preparations were 
monitored for phosphorus-31 spectra by MRS and 
specimens for microscopy were obtained from four 
preparations. 

Group III: Ischemia (ISCH) (nine preparations). After the 
30-minute stabilization period, the perfusion circuit was 
changed to bypass the preparation for 2 hours. There- 
after the perfusion was reconnected and continued for 
4 hours. The start of the 4-hour perfusion was desig- 
nated time 0. Five preparations were monitored for 
phosphorus-31 spectra by MRS and specimens for mi- 
croscopy were obtained from four preparations. 

Group IV: Partial duct obstruction with secretin stimu- 
lation (8 preparations). In these preparations the pan- 
creatic duct was partially obstructed at time 0 by in- 
serting a 25 gauge cannula, partially obstructed with 
3-0 steel wire, into the pancreatic duct. In addition 30 
units of secretin (Ferring Laboratories Inc., Suffern, 
NY) were administered at time 0, and 10 units there- 
after hourly throughout the 4-hour perfusion. Four 
preparations were monitored for phosphorus-31 spectra 
by MRS and specimens for microscopy were obtained 
from four preparations. 

Group V: Cerulein (CER) (eight preparations). These 
preparations were managed identically to those in group 
I, except that cerulein (Peninsula Laboratories Inc., 
Belmont, CA) was infused (20 ng/g of tissue/hr in 0.9% 
saline) into the arterial line during the 4-hour perfusion 
period starting at time 0. Four preparations were mon- 
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itored for phosphorus-31 spectra by MRS and speci- 
mens for microscopy were obtained from four prepa- 
rations. 

Treated groups VI-IX. 


Group VI: FFA + SOD + CAT (12 preparations). These 
preparations were managed identically to those in group 
II (FFA), except that 50 mg of bovine erythrocyte su- 
peroxide dismutase (SOD) (Sigma Chemical Co.) and 
50 mg of bovine liver catalase (CAT) (Calbiochem 
Corp., La Jolla, CA) were added to the perfusate 15 
minutes before time 0. Eight preparations were mon- 
itored for phosphorus-31 spectra by MRS and speci- 
mens for microscopy were obtained from four prepa- 
rations. 

Group VII: ISCH + SOD + CAT (four preparations). 
These preparations were managed identically to those 
in group III (ISCH), except for the administration of 
SOD and CAT as in group VI. Specimens for micros- 
copy were obtained from all four preparations. 

Group VIII: POSS + SOD + CAT (four preparations). 
These preparations were managed identically to those 
in group IV (POSS), except for the administration of 
SOD and CAT as in group VI. Specimens for micros- 
copy were obtained from all the four preparations. 

Group IX: CER + L364,718 (four preparations). These 
preparations were managed identically to those in group 
V (CER), except for the infusion of a cholecystokinin 
inhibitor (0.14 mg/hr of L364,718 [Merck Sharp & 
Dohme, West Point, PA] in dimethyl sulfoxide) into 
the arterial line during the 4-hour perfusion starting 15 
minutes before time 0. Specimens for microscopy were 
obtained from all four preparations. 


Results 
Physiologic Injury Response 


The control preparations (group I) remained normal 
in gross appearance throughout the 4-hour perfusion pe- 
riod. Weight gain was minimal and amylase activity in 


TABLE |. Weight Gain of the Preparations Afier 4 Hours of Perfusion 
in the Isolated Ex Vivo Perfused Canine Pancreas Preparation 


Group n Weight Gain (g) p 

I (controls) 4 10+ 4 

II (FFA) 4 44+ 12 <0.001* 
VI (+ SOD + CAT) 4 20+ 4 <0.005* 
II (ISCH) 4 63 + 29 <0.01* 
VII (+ SOD + CAT) 4 2 12 <0.05+ 
IV (POSS) 4 28+ 7 <0.05* 
VIII (+ SOD + CAT) 4 19+ 6 <0.05T 
V (CER) 4 31+ 4 <0.001* 
IX (+L364, 718) 4 S-S <0.001* 


Mean + SD. Student’s t test. 
* As compared to the control group (1). 
+ As compared to the respective untreated group. 
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TABLE 2. Amylase Activity in the Perfusate Afier 4 Hours of Perfusion 
in the Isolated Ex Vivo Perfused Canine Pancreas Preparation 


Amylase Activity 


Group n (U/dL) p 
I (controls) 12 1200+ 347 
Il (FFA) 12 2781+ 605 <0).001* 
VI (+ SOD + CAT) 12 2075+ 477 <0.057 
IH (ISCH) 9 2923+ 1180 <0.005* 
VII (+ SOD + CAT) 4 2339+ 164 0.05 <p < 0.17 
IV (POSS) 8 11601 + 3328 <0.0001* 
VIII (+ SOD + CAT) 4 4966+ 3176 <0.005T 
V (CER) 8 31686 + 16089 <0.0001* 
IX (+L364, 718) 4 9082 + 5880 <0.027 


Mean + SD. Student’s t test. 
* As compared to the control group (1). 
+ As compared to the respective untreated group. 


the perfusate remained within the normal range (Tables 
| and 2). 

Pancreatitis developed in the FFA, ISCH, POSS, and 
CER preparations (groups II to V). All became edematous, 
gained significant weight over the controls (Table 1), and 
the amylase activity in the perfusate increased significantly 
(Table 2). 

Treatment of the FFA, ISCH, and POSS preparations 
with SOD and CAT (groups VI to VIII) and of the CER 
preparations with L364,718 (group IX) decreased the 
edema and significantly reduced weight gain (Table 1) 
and amylase activity (Table 2). 


High-energy Phosphate Metabolism 


The signal noise ratio was satisfactory in all experi- 
ments. Only trace levels of phosphocreatinine were ob- 
served when duodenal contamination was avoided. Figure 
| shows a typical phosphorus-31 spectrum. 

In the control preparations (group I), the ATP and the 
P; levels remained stable during the 4-hour perfusion pe- 
riod (Fig. 2). The initiation of injury with FFA infusion 
(group II) caused a decrease in the ATP levels and an 
increase in the P; levels during the perfusion (Fig. 3). The 
B-ATP:PME ratio decreased to an average of 36% of base- 
line during the 4-hour perfusion (p < 0.001). Simulta- 
neously the P;:PME ratio increased to an average of 277% 
of baseline (p < 0.05) (Fig. 4). Treatment with SOD and 
CAT (group VI) significantly reduced the decline in the 
ATP levels, to 86% of baseline, but did not have significant 
effect on the P; levels (Fig. 4). 

In the ISCH preparations (group III), ATP decreased 
to undetectable levels 45 minutes after the induction of 
ischemia, with a concomitant increase in the P; levels. 
Both the ATP and P; levels returned to the preischemic 
levels and remained there during the 4-hour perfusion 
(Fig. 5). In the POSS and CER preparations (groups IV 
and V), no changes in the baseline ATP or P; levels oc- 
curred during the 4-hour perfusion. 
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Cellular Structure 


In the control preparations (group I), the cellular struc- 
ture remained normal in both light and electron micro- 
scopic examinations throughout the 4-hour perfusion pe- 


NORDBACK AND OTHERS 


dii Saal Tian ili ea a oa ang 





Ann. Surg. * April 1991 


FIG. 1. A typical phospho- 
rous-31 spectrum obtained 
from the control experiment 
with the isolated ex vivo per- 

| fused canine pancreas prep- 
i | aration. PME, phospho- 
i monoesters; P;, inorganic 

| phosphate; PDE, phospho- 


NAD(H) ! diesters; ATP, adenosine 
\y | triphosphates; NAD(H), 
\ | nicotinamide adenine dinu- 
\ | | cleotide; DPDE, diphospho- 
i | | diesters. 
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riod. Acinar cells contained abundant zymogen granules 
at the apical portions of the cells (Fig. 6). Small condensing 
vacuoles also were noted. No alterations were noted in 
ductules, islets, or capillaries. 

Both the FFA and ISCH preparations (groups II and 


FIG. 2. Sequential phospho- 

4  rous-31 spectra from a con- 
trol preparation. No changes 
occurred during the 4-hour 
perfusion period. 
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FIG. 3. Sequential phospho- 
rous-31 spectra from an FFA 
preparation. Notice the de- 
crease in ATP and the si- 
multaneous increase in P; 
during the 4-hour perfusion 
period. 
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III) were characterized by damage to capillaries accom- 
panied by only minor changes in the acinar cells (decrease 
in zymogen granules). Endothelial cells were swollen. 
Frequent fibrin and platelet thrombi were identified (Figs. 
7 and 8). These changes increased in severity from | hour 
to 4 hours of perfusion. Ductules and islets remained nor- 
mal in both groups. 

In the POSS and CER preparations (groups IV and V), 
striking changes occurred in the acinar cells with less se- 
vere alterations in capillaries. By light microscopy both 
preparations showed an increase in vacuoles accompanied 
by a decrease in zymogen granules. Groups IV and V 
(POSS, CER) could be differentiated easily from groups 
II and III (FFA, ISCH) with microscopic examination 
without knowledge of the experimental group. Electron 
microscopy demonstrated that many of the vacuoles in 
the POSS preparations represented dilatations of cen- 
troacinar lumens (Fig. 9). In addition there was an increase 
in condensing vacuoles as compared to control prepara- 
tions. Sometimes there was conspicuous dilatation of cis- 
ternae of rough endoplasmic reticulum as well. These 
changes increased in severity during the 4-hour perfusion. 
The vacuoles seen by light microscopy in the CER prep- 
arations were demonstrated by electron microscopy to 
represent many enlarged condensing vacuoles (Fig. 10). 
The acinar cells also showed basolateral exocytosis in the 
CER preparations. In both POSS and CER preparations, 
mild swelling of endothelial cells sometimes was observed 
with some platelet thrombi. These vascular changes were 
less marked than those seen in the FFA and ISCH prep- 
arations (groups II and II). Ductules showed luminal di- 
latation in the POSS preparations but were normal in the 
CER preparations. Islets remained normal in both groups. 

By light microscopy it was possible to differentiate 
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qualitatively three of the four treated from the untreated 
preparations in the FFA, ISCH, and CER models by 
comparing and ranking histologic sections (Table 3). This 
separation was not possible between the treated (group 
VIII) and untreated POSS preparations (group IV) because 
in both groups the preparations had increased numbers 
of vacuoles by light microscopy reflecting the presence of 
duct obstruction, and centroacinar luminal dilatation. 
By electron microscopy it was difficult to differentiate 
treated from untreated preparations after FFA, ISCH, and 
POSS stimuli because of the limited sample size available 
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Perfusion time (h) 


FIG. 4. The effect of superoxide dismutase (SOD) and catalase (CAT) 
on the acinar cell beta adenosine triphosphate:phosphomonoester (8- 
ATP:PME) and inorganic phosphate:phosphomonoester (P;:PME) ratios 
in the FFA preparations. O change in B-ATP:PME ratio in the untreated 
FFA preparations. @ change in 8-ATP:PME ratio in the SOD- and CAT- 
treated FFA preparations during 4-hour perfusion. A change in P;: PME 
ratio in the untreated FFA preparations during 4-hour perfusion. & 
change in P;:PME ratio in the SOD- and CAT-treated FFA preparations 
during 4-hour perfusion. Mean + 95% confidence limit. Variance analysis. 
ns, no significant difference. *p < 0.02, **p < 0.005, ***p < 0.001. 
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with that technique and the minor degree of acinar cell 
injury present in the FFA and ISCH preparations. Electron 
microscopic interpretation of the POSS preparations was 
complicated by the appearance of dilated centroacinar 
lumens reflecting the downstream duct obstruction. These 
lumens simulated the presence of condensing vacuoles 
and increased in number and size in both treated and 
untreated groups during the 4-hour perfusion period. In 
the CER preparations, treatment with L364,718 greatly 
reduced the number of condensing vacuoles and basola- 
teral exocytosis. Furthermore zymogen granules were only 
slightly depleted. It was possible to differentiate the treated 
(group IX) from the untreated (group IV) preparations 
on the basis of qualitative changes at the ultrastructural 
level. 


Discussion 


Many experimental models have been developed to 
study the pathophysiology of acute pancreatitis. Among 
the many stimuli used to initiate pancreatitis have been 
duodenal obstruction, bile injection into the pancreatic 
duct, and cerulein administration.’ The physiologic injury 
response in all models has been similar: edema formation, 
hyperamylasemia, and in severe pancreatitis, hemorrhage 
and necrosis. Most studies have focused on monitoring 
these physiologic injury responses taking place in the an- 
imal after the injury. Many of the models have no clinical 
counterparts. 

In our effort to develop a model that would simulate 
pancreatitis as seen in the human and allow study of the 
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FIG. 5. Sequential phospho- 

rous-31 spectra from an 

ISCH preparation. Notice the 

decrease in ATP and the si- 

2 multaneous increase in P; 

during the ischemia period, 

and the rapid recovery during 

l PERFUSION TIME (H) the subsequent 4-hour per- 
fusion period. 
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early pathogenetic steps taking place in the pancreas, the 
isolated canine pancreas preparation was adopted? and 
modified.' Models of pancreatitis simulating that seen 
clinically with hyperlipemia, gallstones, and with ischemia 
were developed and studied extensively. It was demon- 
strated that the usual physiologic injury response (edema, 
weight gain, and hyperamylasemia) took place after each 
of the stimuli. Furthermore it was demonstrated that 
the first measurable injury was an increase in capillary 
permeability’ mediated by the release of oxygen-derived 
free radicals.” Subsequent studies demonstrated that the 





FIG. 6. Electron micrograph of a control preparation after 4-hour per- 
fusion showing normal complement of zymogen (Z) granules and lack 
of large vacuoles (uranyl acetate and lead citrate, X3200). 
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Fics. 7A and B. Electron micrographs of an FFA preparation after 4-hour perfusion. (A) Relative preservation of acinar cell structure with mild 
decrease in zymogen granules (Z). (B) Capillary, which showed swollen endothelial cells (E) with platelets (P) and fibrin strands (arrowheads) in 


lumen (uranyl acetate and lead citrate, (A) 1800, (B) X3600). 


free radicals were generated by the enzyme xanthine ox- 
idase.'? Most recently a fourth model of pancreatitis, using 
supramaximal stimulatory doses of cerulein, was adapted 
to the canine isolated ex vivo perfused pancreas prepa- 
ration.* This model lacks an obvious clinical counterpart. 
Although the physiologic injury response is similar to that 
seen in the other three models (FFA, ISCH, and POSS), 
the injury is not mediated by oxygen-derived free radicals 
but rather by cholecystokin receptors on the acinar cells.*° 
Until now the vast majority of studies of experimental 
pancreatitis, including ours, monitored changes taking 
place at the organ level. These studies all recorded similar 
physiologic responses, independent of the initiating stim- 


ulus. In an effort to study early biochemical and mor- 
phologic changes taking place in acute pancreatitis on 
cellular and subcellular levels, the present experiments 
were performed. 

High-energy phosphate metabolism was monitored by 
placing our preparation in the bore of the magnet con- 
nected to a spectrometer and following phosphorus-3 | 
spectra. Because it is noninvasive, this method does not 
disturb the experiment under study and it allows contin- 
uous monitoring of the preparation during the perfusion. 
In the control preparations levels of ATP and its degra- 
dation product P; remained stable throughout the per- 
fusion. Unlike the physiologic injury response, which was 





Fics. 8A and B. Electron micrographs of an ISCH preparation after 4-hour perfusion. (A) Relative preservation of acinar cell structure with occasional 
small vacuoles (V). (B) Capillary containing platelet thrombus (uranyl acetate and lead citrate, (A) 2600, (B) 4300). 
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FIG. 9. Electron micrograph of a POSS preparation after 4-hour perfusion 
showing dilatation of centroacinar lumen (C) simulating vacuoles. True 
vacuoles (V) contain flocculent material and do not show microvilli 
(uranyl acetate and lead citrate, X2900). 


similar in all four models of pancreatitis, ATP metabolism 
differed markedly from model to model. In the FFA prep- 
arations, ATP levels decreased significantly and stayed 
depressed during the entire perfusion. However, in the 
ISCH preparations, ATP levels decreased only during the 
period of ischemia, but then returned to normal baseline 
levels during the 4-hour perfusion when the physiologic 
injury response of pancreatitis was evolving. In the POSS 
and CER preparations, ATP levels remained normal 
throughout the perfusion period, despite of the evolution 
of the physiologic injury response of pancreatitis. A pre- 
vious study performed by another group demonstrated a 
decrease in ATP levels by biochemical methods after the 
induction of pancreatitis by injecting a fresh trypsin, bile, 
and blood mixture in the pancreatic duct of the dog.!! 
Another study of pancreatitis initiated in the rat by an 
intraparenchymal injection of sodium taurocholate also 
demonstrated a significant decrease in ATP levels by 
phosphorus-3! MRS.'* The present study demonstrates 
that a change in ATP metabolism depends on the model 
used. The fact that acute pancreatitis can develop in two 
of our four models of pancreatitis (POSS and CER) with- 
out any disturbance in ATP metabolism suggests that al- 
terations in high-energy phosphate metabolism are not 
essential steps in the pathogenesis of all forms of pancre- 
atitis. 

The morphologic changes seen in the acinar cells by 
light and electron microscopy also were not similar in all 
four models. The variety of the morphologic changes help, 
in part, to explain the different patterns seen in ATP me- 
tabolism. In the FFA preparations the morphologic 
changes were confined primarily to the capillaries, with 
edematous endothelium with platelet and fibrin thrombi. 
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There were only minimal changes in the acinar cells. This 
suggests that the earliest injury in this model is to the 
small vessels and could explain the ATP decrease on the 
basis of ischemia. In the ISCH preparations, the morpho- 
logic changes were similar to those in the FFA prepara- 
tions, with the most severe injury seen in the capillaries 
and well-preserved acinar cells. It is not surprising that 
ATP levels decrease during the period of ischemia. It is 
more difficult to explain the return to normal of ATP 
levels during perfusion, in view of the capillary injury 
identified. 

The morphologic changes seen in the CER preparations 
were markedly different from those seen in the FFA and 
ISCH preparations, but identical to those seen in the intact 
animal preparations in which pancreatitis is initiated by 
a supramaximal stimulatory dose of cerulein.'? Zymogen 
depletion, large condensing vacuole formation, and ba- 
solateral exocytosis occurred. Capillary injury was mini- 
mal. The morphologic changes seen in the POSS prepa- 
rations were similar, but in addition, progressive dilatation 
of the centroacinar lumens was seen, reflecting the down- 
stream obstruction. It is interesting, and unexpected, to 
learn that the physiologic injury response of acute pan- 
creatitis can develop in these two models (CER, POSS), 
with marked changes in subcellular morphology, without 
disturbance of ATP metabolism. This suggests that acute 
pancreatitis can develop, at least during its earliest stage, 
without disturbing important cellular metabolic activities. 

The biochemical and morphologic changes observed 
in these four models can be ameliorated, at least in part, 
by treatment with free radical scavengers or a cholecys- 
tokinin inhibitor. Just as the physiologic changes in the 
FFA preparations were ameliorated, so were the bio- 
chemical and morphologic changes when SOD and CAT 
were added to the perfusate. In addition the morphologic 


TABLE 3. Effect of Treatment with SOD and CAT of the FFA, ISCH, 
and POSS Preparations, and with L364,718 of the CER Preparations, 
on the Morphology of the Preparations 
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Severity 
of Injury 
(rank) FFA ISCH POSS CER 
l Untreated Untreated Untreated Untreated 
2 Untreated Untreated Treated Untreated 
3 Untreated Untreated Untreated Treated 
4 Treated Treated Treated Untreated 
5 Treated Untreated Treated Untreated 
6 Treated Treated Treated Treated 
7 Untreated Treated Untreated Treated 
8 Treated Untreated Treated 





Light microscopy slides were ranked with regard to acinar cell injury 


within each model of pancreatitis without knowledge of treatment group. 
A rank of | was applied to the preparation with the most severe changes 
to a rank of 8 for the preparation with the least severe alterations. Criteria 
indicating more severe acinar cell injury included increasing numbers 
of vacuoles and decreasing amount of zymogen. 





Fic. 10. Electron micrograph of a CER preparation after 4-hour perfusion 
showing depletion of zymogen granules (Z) and accumulation of many 
large vacuoles (V) (uranyl acetate and lead citrate, X2300). 


changes seen in the ISCH and CER preparations were 
modified by pretreatment with SOD and CAT, or a cho- 
lecystokinin inhibitor, respectively. Any amelioration of 
the morphologic changes in the POSS preparations by 
SOD and CAT pretreatment were obscured by the pro- 
gressive dilatation of centroacinar lumens that took place 
secondary to the downstream duct obstruction during the 
4-hour perfusion. These findings suggest that, similar to 
the physiologic injury response, the changes in high-energy 
phosphate metabolism and in cellular structure are me- 
diated, at least in part, by oxygen-derived free radicals in 
the FFA and ISCH models, and by the cholecystokinin 
receptor in the CER model. 

Previous studies from many laboratories, including 
ours, demonstrated that acute pancreatitis is a relatively 
homogenous disorder, with the pancreas reacting in a 
rather standard fashion, no matter how disparate the in- 
jurious stimulus. These data come primarily from models 
studying organ physiology. The current experiments sug- 
gest that there might be significant differences between 
pancreatitis initiated by one stimulus, as compared to an- 
other, on the subcellular level. Thus it would seem to be 
very important to study several models of acute pancre- 
atitis to avoid the risk of idiosyncrasies when studying 
just one model. More importantly, however, our results 
suggest that even though clinically acute pancreatitis might 
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appear identical, independent of the initiating stimulus 
(most often alcohol or passage of a gallstone), in terms of 
cellular events the diseases might be different depending 
on the etiology. This suggests that all clinical types of 
pancreatitis might not respond to the same treatment reg- 
imens. Currently the treatment of acute pancreatitis is 
symptomatic. There are no treatment modalities that have 
been demonstrated to be effective in modifying the clinical 
course. For effective therapy to be developed, more in- 
formation is needed concerning the pathogenesis of the 
disease in each etiologic subgroup. 
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Experimental Obliterative Cholangitis 


A Model for the Study of Biliary Atresia 
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Noninfectious obliterative cholangitis results from biliary tract 
inflammation in clinical conditions such as biliary atresia and 
sclerosing cholangitis. The purpose of this study was to develop 
an animal model of noninfectious biliary tract inflammation and 
fibrosis. An implantable osmotic pump was connected to a cath- 
eter placed into the gallbladder of hamsters. Phorbol myristate 
acetate (PMA) was infused into the biliary tract for periods of 
6 hours to 28 days. After 7 days the animals developed neutrophil 
infiltration, cellular necrosis, and edema of the biliary ducts. 
After 14 days, the animals demonstrated intrahepatic cholestasis 
with bile duct fibrosis and acute and chronic inflammatory cell 
infiltration. By 28 days pronounced portal fibrosis was present, 
some of which created an early bridging cirrhosis pattern. In 
addition there was evidence of neocholangiogenesis. We conclude 
that long-term PMA infusion into the biliary tract generates an 
inflammatory response characterized by obliterative cholangitis 
and fibrosis, sharing many of the histologic features of human 
biliary atresia. This model may provide a relatively simple tech- 
nique for investigating the process of nonpyogenic biliary tract 
inflammation. 


ILIARY ATRESIA WAS formerly considered an ac- 

cident in embryogenesis which resulted in non- 

patency of the extrahepatic biliary tree. However, 
more recent evidence suggests that this is not the case.’ 
Clinical evidence of obstructive jaundice usually is not 
present at birth but typically appears at several weeks of 
age. In addition Kasai et al. provided clinical and his- 
topathologic evidence that patent bile ducts are present 
in the first 2 months of life but gradually disappear, so 
that after 4 months of age only fibrous, nonpatent ducts 
remain. Further evidence against an embryonic patho- 
genesis for biliary atresia is provided by the observation 
that it is ordinarily not associated with congenital anom- 
alies of other major systems, one of the characteristic fea- 
tures of discrete teratogenic events.* Last biliary atresia is 
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an exceedingly uncommon finding at autopsy of aborted 
fetuses or neonates, suggesting a postnatal disease process.” 

A variety of other explanations for this condition have 
been offered, including malunion of the pancreatic and 
biliary ductal systems,° fetal vascular accidents,’~? and 
perhaps most convincingly, viral infections.'°-!? In 1977 
Bill et al.* pointed out the prominent inflammatory re- 
sponse associated with biliary atresia and proposed that 
the disease might result from a dynamic, acquired inflam- 
matory process. Subsequently other investigators impli- 
cated the Reovirus type III as a potential pathogen. Ex- 
perimental studies in mice and epidemiologic data from 
human studies provided support for this concept.'°"'* The 
concept also was developed that biliary atresia results not 
necessarily from a specific pathogen but rather from a 
nonspecific activation of the endogenous inflammatory 
system. The mechanisms by which the liver and biliary 
tree of the neonate become targeted, and the specific 
pathogenic mediators involved, are unknown. 

The purpose of this investigation was to evaluate the 
hypothesis that the initiation of acute inflammation in 
the biliary tract with a nonspecific trigger such as phorbol 
myristate acetate (PMA) would result in chronic inflam- 
mation, fibrosis, and obliteration of the bile ducts. These 
histologic changes are characteristic of chronic nonpy- 
ogenic inflammation of the biliary ducts in humans; in 
children the common process with these characteristics is 
biliary atresia; in adults sclerosing cholangitis is the notable 
example. The study suggests that inflammation and fi- 
brosis involving the bile ducts can be induced with PMA 
and that the histologic features of this injury resemble 
those seen in humans with biliary atresia and other in- 
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flammatory biliary processes. In addition the known re- 
lationship of PMA as a potent stimulator of oxygen radical 
production by stimulated phagocytic cells suggests that 
there may be a relationship between this type of biliary 
inflammation and oxygen radical-mediated tissue injury. 


Materials and Methods 


Implantable mini-osmotic pumps (Alza Corp., Palo 
Alto, CA) were prepared with either normal saline or PMA 
in saline (Sigma Chemical Co., St. Louis, MO). Pumps 
varied in size and capacity to deliver the infusate at a 
constant rate (model 2001-250 uL at 0.46 wL/hr for 7 
days; model 2002-250 uL at 1.03 wL/hr for 14 days; model 
2ML-2200 uL at 2.69 uL/hr for 28 days) during a pre- 
determined time period for 7 to 28 days. Animals in the 
6-hour study group were given a single injection of PMA 
or saline. All infusions were through a polyethylene cath- 
eter (PE 60) placed surgically into the gallbladder. The 
dose of PMA in all study groups was 25 ug/kg/day. In 
each case the pump and tubing were primed before im- 
plantation. 

Experimental protocols were approved by the Univer- 
sity of Michigan Committee on Use and Care of Animals. 
Male Syrian golden hamsters weighing 80 g (Charles River 
Laboratories, Wilmington, MA) were anesthetized with 
ketamine hydrochloride (50 mg/kg intramuscularly). Us- 
ing aseptic techniques the liver and gallbladder were ex- 
posed through a right subcostal incision. A 6-0 silk purse 
string was placed in the fundus of the gallbladder. A sub- 
cutaneous pocket then was created in the right flank, the 


Fics. la and b. Histologic ap- 
pearance of the liver of a con- 
trol animal given a saline in- 
fusion for 28 days. (a) A low- 
power view of a hepatic lobule 
illustrates no abnormality. (b) 
A high-power view of a normal 
portal triad is shown, including 
a bile duct as pointed out by 
the arrew (hematoxylin and 
eosin stain; a, 200X; b, 400X). 
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pump inserted, and the polyethylene tubing tunneled 
through the abdominal wall. The polyethylene tubing then 
was placed into the fundus of the gallbladder and secured. 
The abdomen was irrigated with sterile saline, closed, and 
the animals were returned to standardized housing with 
rodent chow and water available ad libitum. 

Animals were divided randomly into groups of five each 
according to the time of PMA or saline infusion. Study 
groups were prepared with infusions lasting 6 hours, 7, 
14, or 28 days with PMA or saline. 

At the designated time that the animals were killed, the 
animals were anesthetized with ketamine as before and 
their subcostal incisions were re-entered. The liver, gall- 
bladder, and pancreas were resected en bloc and preserved 
in formaldehyde. Routine processing for histologic ex- 
amination was accomplished and tissues were stained with 
hematoxylin and eosin as well as trichrome elastic stains. 
Slides were examined randomly by a pathologist blinded 
as to treatment. 


Results 


Saline-infused animals demonstrated normal hepatic 
and biliary architecture at all times. Figure 1 illustrates 
the liver of an animal infused for 28 days with saline. 
There is no evidence of periportal inflammation or fi- 
brosis. 

In contrast to the animals infused with saline, those 
infused with PMA developed striking periductal inflam- 
matory alterations. A single injection of PMA resulted in 
significant acute periductal inflammation in the liver with 
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FIGs. 2a-c. Histologic alterations in the liver of animals given PMA infusion for 7 days. There is an intense periportal inflammatory infiltrate with 


extension into surrounding hepacytes, as illustrated in a. This inflammatory infiltrate was associated with destruction of bile ducts. as illustrated in 
b (arrows). Cholestasis was also present with a bile plug in a destroyed bile duct illustrated in c (arrow) (hematoxylin and eosin stain; a, 100X: b, 


200; and c, 400). 


neutrophilic infiltrates, edema, and some patchy necrosis 
of the bile ducts. After 7 days of PMA infusion, more 
severe inflammatory changes were present. As illustrated 
in Figure 2, pronounced inflammatory infiltrates were 
present in the livers of these animals. These infiltrates 
were primarily periductal but also extended into the sur- 
rounding liver parenchyma. At this time the inflammatory 
infiltrate was primarily acute in nature with a predomi- 
nance of neutrophils, but chronic inflammatory cells such 





t ; $s y 
`AE is 


as macrophages, lymphocytes, and plasma cells were also 
present. The inflammatory infiltrate was associated with 
destruction of the bile ducts and focal hepatocyte necrosis 
was also evident. Prominent cholestasis was present within 
hepatocytes as well as in the bile ducts. 

In animals infused with PMA for 14 days, a progression 
of the inflammatory response was seen with early fibrosis 
as well on ongoing inflammation and necrosis. This is 
illustrated in Figure 3. At this time a mixed acute and 
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FIGs. 3a—c. Histologic alterations in the liver of animals given PMA infusions for 14 days. There was ongoing intense periportal inflammation with 
the destruction of bile ducts, as illustrated in a. Early fibrosis was present in the portal regions (Figure 3B) and prominent cholestasis was present (c, 
arrows) (hematoxylin and eosin stain; a, 100X; b, 200X; and c, 400X). 
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chronic inflammatory infiltrate was present with a ma- 
jority of the inflammatory cells consisting of lymphocytes, 
macrophages, and plasma cells. Despite the predominant 
chronic inflammatory infiltrate, ongoing tissue injury was 
present with destruction of the bile ducts and patchy he- 
patocyte necrosis. Prominent cholestasis was present in 
some of the hepatocytes and bile ducts. Early fibrosis was 
present, including some delicate bridging scarring of the 
liver parenchyma, indicative of early cirrhosis. 

After 28 days of PMA infusion, the primary histologic 
appearance of the liver was that of scarring and early cir- 
rhosis. As shown in Figure 4, bands of collagen separate 
lobules of hepatocytes creating the characteristic appear- 
ance of micronodular cirrhosis. Some inflammation per- 
that it is ordinarily not associated with congenital anom- 
alies of other major systems, one of the characteristic fea- 
tures of discrete teratogenic events.* Last biliary atresia is 
an exceedingly uncommon finding at autopsy of aborted 
fetuses or neonates, suggesting a postnatal disease process.” 

The above histologic alterations seen with PMA infu- 
sion are similar to those described in patients with non- 
infectious cholangitis secondary to biliary atresia or scle- 
rosing cholangitis. This is illustrated in Figure 5, which 
represents varying stages of the histologic abnormalities 
present in liver biopsies from patients with biliary atresia. 
Figure 5A shows prominent periductal inflammation with 
destruction of bile ducts that occurs primarily early in the 
course of the disease. Figure 5B shows a liver biopsy from 
a child with long-standing jaundice secondary to biliary 
atresia. Prominent periportal fibrosis is present along with 
disordered bile duct epithelial proliferation (neocholan- 
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giogenesis). Some chronic inflammatory cells are present, 
but the primary histologic diagnosis is that of early mi- 
cronodular cirrhosis. Thus the characteristic morphologic 
alterations seen in patients with biliary atresia are repro- 
duced in this experimental model. 


Discussion 


Biliary atresia occurs with an estimated frequency of 1 
in 15,000 to 25,000 neonates.'*'* The histopathology 
typically includes extrahepatic bile duct fibrosis with in- 
trahepatic bile duct proliferation. Inflammatory cells (both 
neutrophils and macrophages) are characteristic in both 
locations and ultimately cirrhosis may develop. Patients 
afflicted with biliary atresia continue to suffer predictable 
morbidity and mortality despite surgical advances such 
as the portoenterostomy procedures and liver transplan- 
tation. Unfortunately the pathogenic mechanisms in- 
volved in the evolution of this condition are understood 
poorly. Current evidence suggests that this condition is 
the result of an acquired inflammatory process that pref- 
erentially targets the neonatal biliary tract.' A variety of 
nonspecific initiating events, possibly including neonatal 
Reovirus type III infection, may trigger this process. !°-!? 

This study was designed to develop a model for the 
study of biliary tract inflammatory processes such as this. 
It is well recognized that neutrophils and other inflam- 
matory effector cells may participate in the generation of 
host tissue injury in a variety of experimental and clinical 
situations.'>-'* Phorbol myristate acetate is a synthetic 


phorbol ester known to activate phagocytic cells'?-?! as 
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FIGS. 4a-c. Histologic alterations in the liver of animals given PMA infusions for 28 days. At the time fibrosis was prominent with the development 
of cirrhosis. In addition there was disordered proliferation of bile duct epithelium (neocholangiogenesis) (a, arrows). Some ongoing chronic inflammation 
was present, but it was less intense than at the early time points and prominent cholestasis was present (b and c) (hematoxylin and eosin stain; a, 4 
100X; b, 200X, and c, 400x). l 
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well as endothelial cells in vitro.” This process is the result 
of the activation of protein kinase C, a proximal and 
therefore nonspecific step in the process of signal trans- 
duction in phagocytic cells. In particular PMA induces 
the oxidative burst in phagocytic cells and in fact, often 
serves as the laboratory standard to provide maximally 
activated phagocytic cells. Phorbol myristate acetate- 
stimulated neutrophils have been implicated in experi- 
mental models of inflammatory pulmonary injury.” 
Importantly PMA itself is not toxic in neutrophil-depleted 
experimental systems,” in systems where neutrophil ad- 
herence to endothelial cells is prevented,”° or in the pres- 
ence of neutrophils derived from patients with chronic 
granulomatous disease (CGD) in whom granulocytes are 
intrinsically incapable of generating oxygen radicals.” 
Thus it appears that PMA itself is not toxic, but that when 
administered in the presence of normally functioning 
neutrophils, injury results. 

Reactive oxygen products are widely implicated in a 
variety of pathologic processes mediated by the endoge- 
nous inflammatory response. These products include the 
superoxide anion (QO, ), hydrogen peroxide (H202), the 
hydroxyl radical ((OH), and other reactive intermediates 
generated during the oxidative burst by phagocytic cells 
activated by PMA. For this reason PMA was selected to 
induce the biliary inflammatory process in this study. It 
appears that the resultant tissue injury in this model is 
associated with an acute and chronic inflammatory pro- 
cess leading to fibrosis of portions of the biliary tree. The 
histologic features of this injury are similar to those of 
biliary atresia. 
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FiGs. 5a and b. Comparative 
histologic alterations in pa- 
tients with biliary atresia. In 
the early stages of the disease, 
there is prominent periportal 
inflammation with destruc- 
tion of the bile ducts (a). In 
the chronic stages of the dis- 
ease, fibrosis predominates 
with dense bands of collagen, 
micronodular cirrhosis, and 
disordered bile duct prolif- 
eration (neocholangiogene- 
sis), as illustrated in b (he- 
matoxylin and eosin stain, 
200X). 


This is a relatively straightforward and inexpensive 
model that may be useful in the study of pathogenic 
mechanisms of biliary atresia and other nonpyogenic bil- 
iary inflammatory processes. The association of PMA with 
neutrophil and other phagocytic cell oxidant production 
suggests that oxidant-mediated tissue injury may play a 
role in the pathogenesis of this type of biliary inflam- 
mation. 
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Aortic Dissection with the Entrance Tear 
in the Descending Thoracic Aorta 


Analysis of 40 Necropsy Patients 





CHARLES S. ROBERTS, M.D., and WILLIAM C. ROBERTS, M.D. 


Clinical and necropsy findings are described in 40 patients who 
had aortic dissection with the entrance tear in the descending 
thoracic aorta. Their ages at death ranged from 39 to 91 years 
(mean, 66 years); 24 (60%) were men and 16 (40%) were women. 
Systemic hypertension was present by history in 33 patients 
(83%) and the hearts were of increased weight in 78%. Of the 
40 patients, 31 (78%) had no operative intervention, while 9 
(22%) underwent operation for aortic dissection. Of the 31 pa- 
tients without operative therapy, the diagnosis of aortic dissection 
was established in life in 9 patients (29%) and at necropsy in 22 
(71%). The interval from aortic dissection to death was 30 days 
or less in 13 patients (42%); rupture of the false channel was 
the cause of death in 9 patients (69%), renal failure in 2 (15%), 
and the cause was unclear in 2 (15%). The interval from aortic 
dissection to death was more than 30 days in 18 (58%) of the 
31 patients without operative therapy. The cause of death in 
these 18 patients was related to the dissection in 11 (61%) (rup- 
ture of the false channel in 5; renal failure from dissection in 3, 
and rupture of the false channel of a second acute dissection in 
3), but in the other 7 patients (39%) death was unrelated to the 
dissection but a nonfatal complication, specifically stenosis of 
the true channel from compression by a thrombus-filled false 
channel, occurred in 4 of these 7 patients. Thus only 3 (10%) of 
the 31 patients without operative therapy had no complications 
of aortic dissection. All nine patients who underwent operation 
had had an aortic dissection within 30 days, and the operation 
was performed because of a major complication of the dissection. 
Four patients survived 8 to 84 months after the operation. Thus 
early operative intervention (before the appearance of compli- 
cations) appears justified in patients with aortic dissection with 
the entrance tear in the descending thoracic aorta to prevent 
rupture of the false channel acutely or after initial healing; to 
prevent renal failure from compression of renal arteries by an 
aneurysmal false channel; to prevent true channel stenosis from 
compression by a thrombus-filled false channel; and possibly to 
prevent the recurrence of acute dissection. 


URING THE PAST 30 years, 182 patients with 
spontaneous (noniatrogenic) aortic dissection 
were studied at necropsy in the Pathology 
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Branch, National Heart, Lung, and Blood Institute. The 
entrance tear was located in the ascending aorta in 128 
patients (70%), transverse aorta in 12 patients (7%), de- 
scending thoracic aorta in 40 patients (22%), and abdom- 
inal aorta in 2 patients (1%). This report describes certain 
clinical and necropsy findings in the 40 patients in whom 
the entrance tear was located in the descending thoracic 
aorta and discusses therapeutic implications of the find- 
ings. 


Methods 


The necropsy records of the Pathology Branch, National 
Heart, Lung, and Blood Institute from 1959 to April 1990 
were searched for cases coded as ‘aortic dissection.’ A total 
of 194 cases were so coded. Twelve were excluded because 
of an iatrogenic etiology—the aortic entrance tear was 
adjacent to an aortotomy. All 142 cases with the entrance 
tear in either ascending, transverse, or abdominal aorta 
also were excluded from this analysis. The remaining 40 
cases had the entrance tear in the descending thoracic 
aorta and they constitute the study group. 

The hearts and aortas in all 40 patients originally were 
examined and classified by W. C. Roberts: 26 of the 40 
cases were examined by C. S. Roberts and re-examined 
by W. C. Roberts. Of the 14 cases not re-examined, pho- 
tographs of the aortas were available for examination in 
seven. Of the 40 patients, | was studied at necropsy in 
1968, 20 were studied from 1971 to 1980, and 19 from 
1981 to 1990. The 40 cases were submitted from 11 dif- 
ferent hospitals: 38 cases from local and 2 cases from 
nonlocal hospitals. Of the 40 cases, 1 hospital submitted 
11 cases; | hospital, 8 cases; 2 hospitals, 4 cases each; 2 
hospitals, 3 cases each; 3 hospitals, 2 cases each; and 3 
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TABLE 2. Clinical and Morphologic Characteristics in Nine Patients Who Underwent Operative Therapy for Acute Aortic Dissection with the Entrance Tear in the Descending Thoracic Aorta 


Indication for 


Involve 
Upper Abdominal 


Entry 


Mode of Death Tear 


First 
Operation 


Interval 


Operation 


Interval 
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Operation 


Age at 


LV 
(g) Fibrosis 


Tear 


Retrograde Reentry HW 
AD 
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to Death 


Graft Plication 


(days) 


Operation 


Ischemia Other 


Organ 
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ROBERTS AND ROBERTS 


* Fenestration procedure creating a passage between the true and false aortic channels. 


AD, aortic dissection; AR, aortic rupture; CHF, congestive heart failure; D, days; F, female; 


g, grams; H, hemorrhage; Hx, history; HW, heart weight; I, infection; LV, left ventricle; M, 


t The graft was placed in ascending aorta and aortic valve replacement was performed for 


aortic regurgitation due to retrograde dissection. 


male; m, months; Op, operation; Reop, reoperation; RF, renal failure; SH, systemic hyper- 


tension; U, uncertain. 
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hospitals, 1 case each. No case came from the Clinical 
Center of the National Institutes of Health. 


Results 


Pertinent clinical and necropsy findings in each of the 
40 patients are summarized in Table 1 (31 without op- 
erative therapy) and Table 2 (9 with operative therapy). 
The ages at death of all 40 patients ranged from 39 to 91 
years (mean, 66 years); 24 were men and 16 were women. 
Systemic hypertension was apparent by history in 33 pa- 
tients (83%) and the hearts were increased in weight in 
78% (more than 350 g in women; more than 400 g 
in men). 


Nonoperative Cases 


Certain clinical and necropsy findings in these 31 pa- 
tients are summarized in Table 1 and illustrated in Figures 
| to 13. Their ages ranged from 40 to 91 years (mean, 66 
years); 11 were women and 20 were men. Systemic hy- 
pertension had been present by history in 25 patients 
(81%), and the hearts were of increased weight in 82%. 
Of the 29 patients, only 9 (29%) had the diagnosis of aortic 
dissection established during life. Of the 13 patients who 
had an aortogram performed, diagnosis of suspected aortic 
dissection was confirmed in 9 patients. 


Acute Dissection 


In 13 patients (42%) (numbers | to 13; Table 1, Figs. 
| to 4), the aortic dissection at necropsy was acute. The 
interval from onset of signs and symptoms compatible 
with acute dissection varied from 4 to 30 days (mean 12 
days, median 9 days). In only 4 of the 13 patients was 
aortic dissection diagnosed clinically. Death resulted from 
rupture of the outer wall of the false channel in 9 of the 
13 patients, from acute renal failure in 2 patients, and 
from uncertain causes in 2 patients. 

At necropsy the entrance tear was in the proximal half 
of the descending thoracic aortas in all 13 patients, and 
in each of the nine who ruptured, the external rupture 
site was in the vicinity of the entrance tear. The rupture 
in each of the nine patients caused extravasation of blood 
into the left pleural space. The dissection extended into 
the abdominal aorta in eight patients, involving all of it 
in only two patients. The false channels contained throm- 
bus in all 13 patients, relatively small amounts in 8 pa- 
tients, and it filled all or most of the false channel in 5 
patients. In 4 patients, all of whom had thrombi filling 
most or all of the false channels, the lumen of the true 
channel was severely compressed, producing what might 
be called true aortic stenosis. A re-entry tear was not iden- 
tified in any of the 13 patients. In two patients (numbers 
5 and 9, Table 1), the aortic dissection progressed retro- 
gradely, as well as antegradely, and the adventitial hem- 
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FIG. 1. (Case 7, Table 1). Serial cross-sections of aorta from the beginning 
of the descending thoracic aorta (top left) through the abdominal aortic 
bifurcation in a 64-year-old man (Howard #A79-40) who died of false 
channel rupture 7 days after onset of dissection with the entrance tear 
in the descending thoracic aorta. Thrombus occupies the entire false 
channel (FC) in the lower sections and compresses the true lumen, causing 
near-total obstruction of abdominal aorta. The close-up photograph 
(bottom) shows thrombus-filled false channels in each common iliac 
artery producing total true channel (TC) occlusion in one and partial 
true channel occlusion on the other. 


a i 


orrhage was so extensive in one of these patients (number 
9) that the mediastinum was widened, a finding that could 
have caused confusion with dissection from an entrance 
tear in the ascending aorta.'~* One patient (number 10) 
had an atherosclerotic fusiform aneurysm of the abdom- 
inal aorta that had been resected previously; the dissection, 
however, stopped 2 cm cephalad to the proximal graft 
suture line. 


Healed Dissection 


In 18 patients (58%), the dissection at necropsy had 
healed (numbers 14 to 31; Table 1, Figs. 5 to 13). The 
interval from onset of signs and symptoms compatible 
with acute dissection to death in the 7 patients in whom 
it was discernible ranged from 2 to 96 months (mean, 45 
months; median, 35 months). Although 9 of the 18 pa- 
tients had aortograms, in only 5 patients was aortic dis- 
section diagnosed clinically. Death resulted from rupture 
of the healed false channel in 5 (28%) patients. Three 
additional patients (17%) (numbers 27, 28, and 29; Table 
1) also died from rupture of the wall of the false channel, 
but the rupture site was the ascending aorta where a second 
acute new dissection had occurred. These three patients 
were the only ones who had both acute and healed aortic 
dissections. In each the entrance tear of the dissection 
that healed was the descending thoracic aorta, and the 
entrance tear for the fatal acute dissection was ascending 
aorta. Death in three patients (17%) resulted from chronic 
renal failure, which appeared to be the consequence of 
renal arterial compression by the large aneurysmal false 
channel. Of the remaining 7 patients, death was unrelated 
to the aortic dissection: 3 died from severe atherosclerotic 
coronary artery disease (1 suddenly, | from congestive 
heart failure, and | from left ventricular free wall rupture 
during acute myocardial infarction); 1 died from conges- 
tive heart failure, probably secondary to mitral regurgi- 
tation associated with the Marfan syndrome; | died of 
cancer; | of complications of alcoholic cirrhosis; and | of 
rupture of an atherosclerotic fusiform abdominal aortic 
aneurysm. 








The entrance tear in 17 of the 18 patients was in the 
proximal half of the descending thoracic aorta. In the five 
patients with rupture of the wall of the ‘healed’ false chan- 
nel, the rupture site was in the vicinity of the entrance 
tear. Of the patients with fatal rupture, the hemorrhage 
was into the left pleural space in four patients and into 
the esophagus in one (patient number 27) by a mechanism 
explained in Figure 11. The dissection involved the ab- 
dominal aorta in 14 patients with extension into | or both 
common iliac arteries in 6. The false channel contained 
thrombus in 15 of the 18 patients, and, in 6 of them, the 
thrombus occupied all or nearly all of the lumen of the 
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FiG. 2. (Case 10, Table 1) 
Photograph of heart and 
aorta of a 69-year-old woman 
(SH #A88-13) who had an 
entrance tear at the aortic 
isthmus with medial dissec- 
tion to the common iliac ar- 
teries. In addition adventitial 
dissection occurred in a ret- 
rograde direction to ascend- 
ing aorta and into the adven- 
titia because both great arter- 
ies share a common 
adventitia. Left: Thrombus 
surrounds both aorta and 
pulmonary trunk (PT). SA 
= subclavian artery. Right: 
Cross-sections of aorta, left 
main pulmonary artery 
(LMPA), and innominate 
artery (IA) showing severe 
adventitial hemorrhage. 


false channel. Compression of the lumen of the true chan- 
nel producing true aortic stenosis occurred in 10 patients. 
Re-entry tears were identified in 8 patients (44%) and were 
located in the aorta in 5, common iliac in 1, and common 
femoral artery in 1. Four patients had an atherosclerotic 
fusiform abdominal aortic aneurysm. 


Operative Cases 


Clinical and necropsy findings in the nine patients who 
underwent operation for aortic dissection are summarized 


Fic. 3. (Case 11, Table 1). 
Photographs of two cross- 
sections of the descending 
thoracic aorta of a 71-year- 
old man (GT #82A-109) who 
died with renal failure 3 
weeks after acute aortic dis- 
section originating at the 
isthmus and extending to the 
level of the diaphragm. The 
false channel (FC) did not 
rupture. Death occurred 
from renal and cerebral dys- 
function that resulted from 
pharmacologically induced 
hypotension. Left: The true 
channel (TC) is wide open 
but the false channel is filled 
with thrombus. Right: A 
more distal portion of aorta 
showing severe atheroscle- 
rosis of the true lumen and 
compression of its lumen by 
the thrombus in the false lu- 
men. 
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FIGS. 4a-g. (Case 12, Table 1). Acute dissection in a 76-year-old woman (GT #77A-173). The entrance site was the descending thoracic aorta with 
extravasation of blood into anterior mediastinal tissues simulating a dissection from a tear in the ascending aorta. The patient had been well until 
14 days before death, when she noted epigastric pain and nausea. A chest radiograph (a) showed an abnormally shaped thoracic aorta. The electro- 
cardiogram showed left ventricular hypertrophy, and her blood pressure was 200/100 mmHg. Because of previous esophageal stricture, her chest 
pain was believed to be related to the esophagus. She felt well thereafter until the day of death, when she suddenly noted dyspnea and profuse 
sweating; repeat chest radiographs (b and c) showed further widening of the mediastinum and markedly diminished lung space in the left hemithorax. 
Her heart stopped shortly thereafter. At necropsy the left lung was collapsed and most of the left hemithorax was filled with blood (d and e). A 
localized descending thoracic aortic dissection was present (f) and the entrance site into the false channel was at the aortic isthmus. The caudal two 
thirds of the false channel was filled with thrombus and the outer wall of the false channel was ruptured. Before the final extravasation of blood into 
the left hemithorax, blood appears to have dissected more slowly into the mediastinal tissues lying to the right of and anterior to the aorta. Hemorrhage 
into these mediastinal tissues on chest radiographs simulated dissection of the ascending aorta. (g) Close-up view of mediastinal hematoma to the 
right of the ascending aorta and behind the arch arteries. PT, pulmonary trunk; AV, aortic valve. (Reproduced with permission from Roberts WC. 
Aortic dissection: anatomy, consequences, and causes. Am Heart J 1981; 101:195-214.) 


in Table 2. The ages of death ranged from 39 to 71 years 
(mean, 66 years); four were men and five were women. 
Of the 9 patients, 8 had had systemic hypertension by 
history and 7 had hearts of increased weight. The indi- 
cation for operation in at least 7 of the 9 patients was a 
major complication of aortic dissection: 3 had limb or 
end-organ ischemia, 2 had hemorrhage into the left hemi- 
thorax, | had recurrent back pain with longitudinal pro- 
gression of the dissection (by repeat aortogram), and 1 


had aortic regurgitation from retrograde dissection. The 
interval from onset of symptoms or signs compatible with 
aortic dissection to operation was 30 days or less in all 
cases. 

Three different procedures were performed in the 9 pa- 
tients: tubular graft insertion in the descending thoracic 
aorta in 7 patients, obliteration of the false channel by 
suture in | patient, and a re-entry procedure in the distal 
portion of the dissected aorta in | patient. 
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FIGS. Sa—c. (Case 14, Table 1). Clinically silent healed dissection involving 
the descending thoracic and abdominal aorta in a 59-year-old man 
(NNMC #A76-87) who died from complications of habitual alcoholism. 
He was known to have had systemic hypertension. (a) Radiograph of 
aorta showing a narrowed true channel and thrombus plus heavy calcific 
deposits in the false channel. The entrance site was just distal to the 
aortic isthmus and the exit was in the left femoral artery. (b) Transverse 
sections of the aorta again showing that the true channel is narrowed by 
thrombus in the false channel. (c) Close-up view of the section in the 
brackets in b. TC, true channel; FC, false channel. (Reproduced with 
permission from Roberts WC. Aortic dissection: anatomy, consequences, 
and causes. Am Heart J 1981; 101:195-214.) 
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FIG. 6. (Case 17, Table 1). Asymptomatic healed dissection of the de- 
scending thoracic and abdominal aorta in a 63-year-old man (GW #8399) 
who died of rupture of the wall of left ventricle during acute myocardial 
infarction. There was no clinical evidence of an aortic dissection. He 
was known to have had systemic hypertension. He was asymptomatic 
until about 12 hours before death when he had the onset of chest pain 
of acute myocardial infarction. The drawing shows the entrance site into 
the false channel in the descending thoracic aorta and the false channel 
just caudal to this site developed a saccular aneurysm. The false channel 
in the abdominal aorta also became aneurysmal and filled with thrombus. 
The dissection extended into both common iliac arteries. The acute 
transmural myocardial infarct ruptured, causing massive extravasation 
of blood into the pericardial sac. (Reproduced with permission from 
Roberts WC. Aortic dissection: anatomy, consequences, and causes. Am 
Heart J 1981; 101:195-214.) 
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FIGS. 7a-e. (Case 21, Table 1). Rupture of a fusiform abdominal aortic aneurysm and healed dissecting aortic aneurysm together in a 67-year-old 
man (NNMC #A76-211). He had systemic hypertension for years and more than one acute myocardial infarct that had healed. Neither fusiform 
abdominal aortic aneurysm nor aortic dissection had been diagnosed clinically. (a) Drawing of the locations of the aortic aneurysms. The dissection 
stopped at the beginning of the fusiform abdominal aortic aneurysm and began just past the origin of the left subclavian artery. (b) Exterior view of 
the aorta, kidneys, and fusiform aneurysm. (c) Radiograph of fusiform abdominal aneurysm showing a few calcific deposits. (d) Transverse section 
of the abdominal aneurysm showing a severely narrowed lumen. (e) Transverse section of left ventricle showing a healed transmural infarct. (Reproduced 
with permission from Roberts WC. Aortic dissection: anatomy, consequences, and causes. Am Heart J 1981: 101:195-214.) 


Five of the nine patients died within 9 days of operation: 
the mode of death was hemorrhage in 3, acute renal failure 
with anuria (both before and after operation) in 1, and 
unclear in 1. All 5 patients who died early had major 
preoperative complications of dissection that probably 
would have resulted in death: hemorrhage in 2 patients, 
organ ischemia in 2, and progression of dissection in 1. 
Four of the nine patients died late (at 8 to 84 months). 
The mode of death was aortic hemorrhage in three pa- 
tients; infection in two of them led to anastomotic break- 
down; and in the third patient, an unreplaced portion of 
false channel ruptured. The only patient in whom the 


aorta or aortic anastomosis did not rupture died of infec- 
tion. 


Discussion 


Analysis of the aforementioned 40 necropsy patients 
with aortic dissection resulting from an entrance tear in 
the descending thoracic aorta disclosed that 13 of the pa- 
tients died within 30 days of the event without operative 
intervention, 9 others underwent operative therapy during 
the acute phase because of complications of the dissection, 
and in 18 patients the dissection healed without operative 
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Fics. 8a-f. (Case 23, Table 1). Clinically silent aortic dissection after resection of an abdominal aortic fusiform aneurysm in a 69-year-old man 
(DCVAH #78A-178) who died of bronchogenic carcinoma. The abdominal aorta was replaced with a graft about | year before death. Dissection of 
the aorta stopped at the beginning of the graft. There was no history of systemic hypertension, and the heart weighed only 330 g. Chest radiographs 
(a and b) shortly before death; aorta, common iliac arteries, and kidneys (d); cross-sections of aorta to the renal arteries (e) and below (f), which 
include the Dacron graft. The dissection began at the aortic isthmus. The false channel is larger than the true channel. Thrombus is present in some 
portions of the false channel (c). Close-up views of the two-bracketed cross-sections are shown in e. (Reproduced with permission from Roberts WC. 


Aortic dissection: anatomy, consequences, and causes. Am Heart J 1981; 101:195-214.) 


intervention. The nine patients who underwent operative 
therapy during the acute phase probably would have died 
from the acute complication that led to the operation. 
Thus, of the 40 patients, less than one half (45%) survived 
the acute period to ‘heal’ the dissection. 

Compared to dissections resulting from tears in the as- 
cending or transverse aorta, dissection with the entrance 
tear in the descending thoracic aorta has the highest fre- 


quency of healing. Among our 182 necropsy patients with 
aortic dissection, the entrance tear was the ascending aorta 
in 128 patients and only 8 (6%) healed; the entrance tear 
was the transverse aorta in 12 patients and none healed. 
Other comparative information virtually is impossible to 
acquire from previous publications because the site of the 
entrance tear was not the basis for classifying the type of 
dissection, and the site of the entrance tear was not always 


aS = - 


Vol. 213 * No. 4 





FIG. 9. (Case 24, Table 1). Cross-section of dissected descending thoracic 
aorta in a 76-year-old woman (GT #76A-147) who died of renal failure. 
The true channel is stenotic from compression from thrombus in the 
false channel. FC, false channel; TC, true channel. 
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Fics. 10A and B. (Case 26, Table 1). Drawing 
of healed dissection with entrance tear at the 
isthmus in an 80-year-old woman (GW #7754). 
(A) Early after healing. (B). At time of necropsy. 
The false channel reached enormous size and 
compressed the true channel. The abdominal 
aortic aneurysm was of the false channel, al- 
though it might be confused easily with an ath- 
erosclerotic fusiform abdominal aortic aneu- 
rysm. A re-entry tear was located in the left 
common ilian arter. I, innominate artery; LCC, 
left common carotid; LS, left subclavian. 
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clarified. In Shennan’s 1935 monograph, for example, of 
309 necropsy cases of aortic dissection reviewed (only 28 
of which actually were studied by the author), 233 (75%) 
patients died acutely, and in 79 (25%) patients the dis- 
section healed. Of the latter 79 patients, the dissection 
did not involve the ascending aorta in 46 (58%), but tears 
involving either the arch or descending thoracic aorta were 
not separated. Furthermore the percentage in whom the 
dissection was retrograde was not delineated. Nevertheless 
this older report and others’ indicate that dissection re- 
sulting from tears in the ascending aorta infrequently heal 
and that those originating from tears in the descending 
thoracic aorta heal more frequently. 

Late complications, i.e., those after ‘healing’ of aortic 
dissection, are far more common with dissection caused 
by an entrance tear in the descending thoracic aorta then 
in those caused by an entrance tear in the ascending aorta 
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or transverse aorta. Although aortic dissection with as- 
cending aortic entrance tear is just more than three times 
as common as that resulting from descending thoracic 
aortic entrance tear, the frequency of healing in the former 
group is just less than 10% and that in the latter group, 
nearly 50%. Thus to produce 20 cases with healing of the 
dissection from an entrance tear in the ascending aorta 
would require 250 cases of that type; in contrast to produce 
20 cases with healing of the dissection from an entrance 
tear in the descending thoracic aorta would require about 
40 cases of that type. Because most patients with diagnosed 
dissection from an entrance tear in the ascending aorta 
now undergo immediate operative therapy, data on heal- 
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Fic. 11. (Case 28, Table 1). 
Drawing of a dissected de- 
scending thoracic aorta with 
entrance tear in descending 
thoracic aorta in a 91-year- 
old woman (GT #80A-1 26). 
She collapsed and was found 
with blood ejecting from her 
mouth. Necropsy disclosed 
that the lungs were infected 
by tuberculous bacilli and 
that the left lung was adher- 
ent to the descending thoracic 
aorta. The pulmonary infec- 
tion was the medium that al- 
lowed the aorta to rupture 
into the esophagus, to which 
it was adherent. (Reproduced 
with permission from Rob- 
erts WC. Aortic dissection; 
anatomy, consequences, and 
causes. Am Heart J 1981; 
101:195-214.) 
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ing is difficult to obtain. In contrast, because most patients 
with diagnosed dissection from an entrance tear in the 
descending aorta do not undergo operative therapy, data 
on healing in this group is easier to acquire. Consequently 
complications after healing of the aortic dissection, for 
practical purposes, are limited to the group in which the 
entrance tear is the descending thoracic aorta. 

Of the various late complications after healing of aortic 
dissection with a descending thoracic entrance tear, the 
most common is aneurysmal formation of the false chan- 
nel, which occurred in all 18 of our patients with healed 
dissection. The larger the aneurysm of the false channel, 
the greater the likelihood of rupture of the wall of the false 
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FIG. 13. (Case 31, Table 1). Photograph of aorta (upper) and heart (lower) 
of a 63-year-old man (SH #A86-34) with systemic hypertension who 
died of ruptured acute dissection with entrance tear in the ascending 
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aorta. At necropsy, a healed dissection with an entry tear at the isthmus 
also was present. Upper: Cross-section of the dissected, healed descending 
thoracic aorta. The false lumen (FC) is filled with organized thrombus 
and it does not significantly compromise the true lumen (TC). The arrows 
designate the entrance tear. Lower: View of heart from above showing 


the acute dissection with false channel filled with recent thrombus. 
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FIG. 12. (Case 29, Table 1). Drawing of aorta in a 48-year-old man 
(NCBH #A15-837) who died of rupture of the wall of the false channel 
after acute dissection with an entrance tear in ascending aorta. Found 
incidentally at necropsy was a healed dissection of the entire descending 
aorta with an entry tear at the isthmus. The patient’s son died at 28 years 
of age, also from acute aortic dissection. (Reproduced with permission 

from Warnes CA, Kirkman PM, Roberts WC. Aortic dissection in more 
than one family member. Am J Cardiol 1985; 55:236-238.) 


channel, which occurred in five patients. The fact that 
the wall of the false channel may rupture late has received 
little attention previously. The presence of a re-entry tear 
did not appear to protect the healed dissection group from 
rupture of the false channel. Of the 18 patients with healed 
dissection, 9 had a re-entry tear: 3 ruptured the wall of 
the false channel exteriorly and 6 did not. Because throm- 
bus was so frequently present (15 patients) in the false 
channel in the 18 patients with healed dissection, no re- 
lation was found between its presence and aneurysmal 


formation of the false channel or an exit tear in the par- 
tition between the true and false channels. Renal failure 
(3 patients) appeared to be the consequence of compres- 
sion on one or both renal arteries by the aneurysmally 


dilated false channel. Obstruction of the lumen of the true 
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channel occurred in 11 of the 18 patients with healed 
dissection. All 11 patients with true channel stenosis had 
thrombi in the false channel, and none of the three patients 
without false channel thrombus had true channel stenosis. 
The narrowing of the true channel appears to be the con- 
sequence of compression from the thrombus-containing 
false channel. Hemodynamic confirmation of true chan- 
nel stenosis in this circumstance is not available. The wall 
of the false channel calcified in | of the 18 patients. Be- 
cause the acute dissection in this patient was clinically 
silent, the interval from the acute dissection to death is 
unknown. And finally an acute dissection with an entrance 
tear in the ascending aorta occurred in 3 of the 18 patients 
with a healed dissection from a descending thoracic aortic 
entrance tear. That healed aortic dissection may later, for 
reasons unclear, predispose to another acute dissection 
elsewhere in the aorta also has received little attention 
previously. 

The aorta with dissection, of course, is not immune to 
other diseases of the aorta. Of our 40 patients, 5 had a 
fusiform atherosclerotic aneurysm of the abdominal aorta, 
and in all of them the dissection terminated at or proximal 
to the atherosclerotic aneurysm. One of the forty patients 
had typical clinical features of the Marfan syndrome. Al- 
though the ascending aorta was dilated in this patient, the 
entrance tear was in the descending thoracic aorta only, 
and the dissection involved only the descending thoracic 
aorta. In contrast to their occasional occurrence in patients 
with dissection from an entrance tear in the ascending 
aorta, none of the 40 patients with an entrance tear in 
the descending thoracic aorta had a bicuspid aortic valve 
or aortic isthmic coarctation. 

Throughout this article we focused on the location of 
the entrance tear and not on the portion of the aorta in- 
volved by the dissection. We believe this focus is appro- 
priate because the site of the entrance tear is the major 
determinant of the frequency of healing of the dissection, 
the mode of death, and the operative approach. 

The relatively high frequency of healing of aortic dis- 
section with a descending thoracic aortic entrance tear 
and the relatively high operative mortality rate in this 
group caused Wheat and associates® in 1965 to advocate 
nonoperative intervention for this type of dissection.”'® 
This viewpoint, with some exceptions, '!~!* has dominated 
therapy for aortic dissection of this type since that time. '®- 
2! Operative mortality rates have remained relatively high 
(compared to those for dissection originating from a tear 
in the ascending aorta), but usually operation was not 
carried out for this type of dissection unless a recognized 
complication occurred. Thus the mortality rate for early 
operative intervention for dissection with a descending 
thoracic aortic entrance tear without complications may 
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be considerably lower than that when operation is not 
performed until one or more complications develop. '? 
Nevertheless, without operative therapy, more than 50% 
of the patients with this type of dissection die during the 
acute phase and most of those who heal develop compli- 
cations that in themselves later warrant operative inter- 
vention. Thus we believe that, in balance, early operative 
therapy will allow a much greater survival rate than will 
nonoperative therapy. 
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The Story of Thoracic Surgery: Milestones and Pioneers. An- 
dreas P. Naef. 160 pp. Toronto: Hogrefe and Huber, 1990. 
$19.80. 


ANY MEDICAL STUDENT, internist, surgeon, or layman with the 
slightest interest in medical history or the development of car- 
diothoracic surgery will find this small volume a delightfully 
written treasure of facts and events, and of Professor Naef’s per- 
sonal encounters with many of those pioneers who have brought 
this discipline to its present advanced stage. As the author states, 
‘There are two ways to approach the history of cardiovascular 
surgery. One option would be a step-by-step review of the pro- 
gressively sophisticated techniques developed during the last 50 
years in conjunction with modern science and technology.’ In- 
stead Professor Naef elected a different goal, ‘namely, to follow 
the leading figures [most of whom he knew personally] on their 
fascinating journey to modern heart surgery [and other fields of 
thoracic surgery] as they pass the major milestones showing the 
way toward progress.’ 

There will, undoubtedly, be a few contributors, although cer- 
tainly not many, who feel slighted in this historical account. But 
Professor Naef compiled an amazing array of facts and sup- 
porting documentation in an effort to record the significant 
events, and to assign appropriate priority to contributors, in this 
story of the still-evolving field of thoracic surgery. 

Professor Naef’s interesting literary style is supported amply 
by the publisher’s clear type and many photographs and draw- 
ings, most of which are well reproduced. 

The book will provide the reader not only with a fascinating 
true story but it will also serve as a continuing source for many 
important historical references. 


WILLIAM P. LONGMIRE, JR., M.D. 
Los Angeles, California 


Lasers in Gastroenterology: International Experiences and 
Trends. J. F. Riemann and C. Ell. 164 pp. Sutuugart: Georg 
Thieme Verlag, 1989. $65.00. 


I WAS VERY PLEASED to review Lasers in Gastroenterology: In- 
ternational Experience and Trends edited by Riemann and Ell. 
This ts an excellent review of the field of laser applications in 
gastrointestinal diseases. The editors compiled chapters from 
world authorities in the field to contribute several outstanding 
chapters. 

Chapter [ is an excellent review covering some of the basic 
physics principles of laser technology. It specifically concentrates 
on the applications to gastroenterology and also some of the 
pathologic changes in tissues caused by laser energy. 

The chapter on the upper gastrointestinal tract is outstanding. 
The only criticism I have regards a reference on page 28 to use 
of ice-cold saline lavage, which certainly is outdated when dealing 


with upper gastrointestinal bleeding. In addition the authors show 
more enthusiastic about laser hemostasis for upper GI bleeding 
than exists in the rest of the world literature. 

Although the chapter on the biliary tract is well written, aside 
from laser lithotripsy of common duct stones, the other appli- 
cations do not appear to offer an advantage over electrocautery. 

The chapter on the lower GI tract represents a large clinical 
experience on the endoscopic management of difficult tumors. 
The data presented is certainly outstanding and rivals any other 
nonoperative management of these tumors. 

There are three small chapters on photodynamic therapy. This 
therapy has many future applications but is in its infancy stages. 
The chapters on combined therapy with laser and future trends 
both are well written and represent complete reviews of the lit- 
erature. 

This textbook is short, a total of 164 pages, but represents a 
complete review of the endoscopic applications of laser tech- 
nology in the gastrointestinal tract. It can certainly serve as an 
up-to-date resource for the reader looking for the newest inno- 
vations in laser endoscopic therapy. 


THEODORE N. PAPPAS, M.D. 
Durham, North Carolina 


Reflux Oesophagitis. T. P. J. Hennessy, A. Cuschieri, and J. R. 
Bennett. 199 pp. Stoneham, MA: Butterworths, 1989. $110.00. 


THIS SMALL BOOK, despite its title, deals with much more than 
reflux esophagitis. It aims to give a ‘balanced and concise account 
of current thinking on the nature and problems of gastro-oe- 
sophageal reflux disease.’ The editors, two surgeons and a gas- 
troenterologist, are well-known contributors in the field. 

There are substantial chapters on the pathophysiology of gas- 
troesophageal reflux disease, investigation, and surgical treat- 
ment. Clinical features, motility disorders associated with reflux, 
medical treatment, and the treatment of complications receive 
briefer but still detailed consideration, and there is a separate 
chapter on Barrett’s esophagus. Some overlap between chapters 
is inevitable if each is to stand as a coherent section in its own 
right, and this is not usually obtrusive except in the short chapter 
on clinical features that includes details of laboratory testing, a 
topic dealt with extensively later in the text. 

The content of each chapter is current and the views expressed 
are mostly well balanced. All chapters are well referenced, av- 
eraging about 130 references (range, 62 to 237 entries) per chap- 
ter. These comprehensive bibliographies contain many recent 
references as well as key citations from the past 30 years. While 
it would seem churlish to complain at such abundance, this 
approach inevitably entails a superficial treatment of disputed 
matters, For example the authors seem disposed to accept un- 
critically the results of studies obtained using the Dent sleeve 
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and imply that the discovery of Transient Lower Esophageal 
Sphincter Relaxations has settled the controversy as to how reflux 
can occur in the face of a normal basal sphincter pressure. The 
significance of other features of the LES such as total length and 
abdominal length perhaps is not adequa<ely appreciated. Some 
readers may be surprised to see Professor Cuschieri’s unsupported 
assertion that Nissen fundoplication has a failure rate of 40%. 
Most surgeons would regard the claim as extravagant. However 
he is right to draw attention to the complications of the procedure 
other than recurrent reflux. His personal recommendation for 
an incomplete fundoplication for uncomplicated reflux is not 
supported by any long-term studies comparable to those for the 
Nissen procedure and is in conflict with the known lack of du- 
rability of partial fundoplication procedures. Other caveats are 
minor. There are some typographic errors in the text and ref- 
erences that lead to occasional ungrammatical constructions but 
not to loss of meaning or clarity. 

These considerations notwithstanding, the editors produced 
a clear, contemporary, and comprehensive account of gastro- 
esophageal reflux disease and its investigation and treatment 
that will make useful and enjoyable reading for all surgeons who 
treat this condition. 


TOM R. DEMEESTER, M.D. 
PETER F. CROOKES, F.R.CS. 
Los Angeles, California 


Surgery of the Chest, 5th Edition (2 volumes). David C. Sabistcn, 
Jr. and Frank C. Spencer. 2084 pp. Philadelphia: WB Saunders, 
1990. $250.00. 


Gibbon’s textbook, now published in its 5th edition, covers 
the results of almost 30 years of exciting developments in the 
art and science of chest surgery. Again superbly edited by D. C. 
Sabiston, Jr. and F. C. Spencer, it now contains 58 chapters in 
two volumes comprising almost 2000 pages, for which a total 
of 114 authors sign responsible. Some of the more important 
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subjects, such as coronary artery disease, are subdivided in sec- 
tions and subsections. The individual chapters and their fractions 
are written by almost exclusively North American authors of 
world rank. The need for continuous updating of the material 
is well met by the addition of four new chapters (P. K. Smith: 
“Computer Application in Cardiac Surgery”; H. K. Lyerly and 
J. A. Bartlett: “Thoracic Disorders in the Immunocompromised 
Host”; R. J. Herfkens: “Role of Magnetic Resonance Imaging 
in Cardiovascular Diagnosis”; and F. L. Dunn and P. B. Morris: 
“Dietary and Pharmacologic Management of Atherosclerosis”), 
as well as the acquisition of 30 new authors. The material pre- 
sented may be subdivided roughly into topics of general impor- 
tance (459 pages or 23%), thoracic surgery (611 pages or 31%), 
and cardiac surgery (909 pages or 46%), which overlap to the 
extent that neither of the two volumes stands alone. 

The scope of the general topics of the textbook but also of 
most of the individual chapters goes far beyond the actual art 
of surgery but includes the impact of clinical and basic science 
in this field. Nevertheless there is an adequate balance between 
the basic knowledge a modern surgeon is expected to possess 
when conducting his or her operative procedure (pathology, 
pathophysiology, diagnostics, indications, and perioperative 
management) and results. In that sense the textbook offers an 
invaluable reference source of encyclopedic format. The oper- 
ative techniques generally are well described and illustrated in 
their principles, but the textbook does not and can not equal an 
atlas of operative techniques, their variances, and pitfalls. Each 
chapter contains a bibliography of the most important contri- 
butions to the individual subject, thereby facilitating in-depth 
reading. 

For someone like myself, a non-American cardiothoracic sur- 
geon, who has learned much from Gibbon’s surgical text, it is 
a pleasure to recommend this newest edition of Gibbon’s text- 
book to upcoming and to established cardiothoracic surgeons 
as well as to their partners in the neighboring fields. 


Professor HANS G. BORST 
Hannover, Federal Republic of Germany 





> LETTERS TO: THE EDITOR: 


June 24, 1990 
Dear Editor: 


Drs. Lohmuller, Pemberton, Dozois, Ilstrup, and Van Heer- 
don in their article ““Pouchitis and Extraintestinal Manifestations 
of Inflammatory Bowel Disease After Ileal Pouch—-Anal Anas- 
tomosis” discuss the relationship between pouchitis, extraintes- 
tinal mznifestations, indeterminate colitis, and Crohn’s disease.’ 
They do not mention the autoimmune response mechanism 
and immunosupressive therapy that may be a common factor. 
Present? assumes a 5% to 10% failure with the present surgery 


and suggests a medical trial before extensive surgery. His indi- . 


cations for the use of immunosurpressive therapy include (1) 
failure to respond to steroids and sulfasalazine; (2) steroid toxicity 
and continuous steroids for Crohn’s disease; (3) patients with 
proctosigmoiditis who have not responded to oral and topical 
therapy; and (4) patients with left-sided or universal disease who 
are continually active and have not had disease long enough to 
be at risk for carcinoma of the colon. He has found 6-MP and 
azathioprine to be effective in 60% to 70% of patients and toxicity 
infrequent and reversible and no definite increase in superin- 
fections or neoplasms in long-term use. 

Cyclosporin is under investigation and does seem to show 
promise for inflammatory bowel disease (IBD) as it does for 
organ transplant immunosupressive therapy.° According to Ris- 
kin et al.,* synthetic carbohydrates may represent an important 
new class of drugs for the treatment of inflamatory, autoimmune 
diseases. Effectiveness of these drugs should lend credence to 
the theory that the nature of IBD is autoimmune and add another 
dimension, besides surgery, to its treatment. 
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LAWRENCE BRASLOW, M.D. 
Riverside, California 


August 28, 1990 
Dear Editor: 


In response to Dr. Lawrence Braslow’s comments regarding 
our article, we would point out that the purpose of our study 
was not to investigate the etiology of ulcerative colitis nor its 
medical management but rather to study the relationship we 
have seen between pouchitis and extraintestinal manifestations 
of ulcerative colitis after ileal pouch—anal anastomosis. Be that 
as it may, at the conclusion of our discussion we do, in fact, 
suggest that the pathophysiologic mechanisms involved in 
pouchitis may be similar to those involved in chronic ulcerative 


colitis. Of course it is highly speculative whether this is an au- 
toimmune process or some other mechanism. 

Although Dr. Braslow’s comments are appreciated, we cannot 
speak to them because they involve a subject far broader than 
our study. 


JOHN H. PEMBERTON, M.D. 
JOSEPH L. LOHMULLER, M.D. 
Rochester, Minnesota 


September 10, 1990 
Dear Editor: 


I read with interest the paper by Dr. Klein and colleagues 
entitled “Current Management of the Budd-Chiari Syndrome” 
in the August 1990 issue of Annals of Surgery. 

In their discussion they did not mention the nonsurgical 
treatment of Budd-Chiari syndrome. The authors listed several 
causes of hepatic venous outflow occlusion, including membra- 
nous obstruction of the suprahepatic inferior vena cava. The 
latter, which is more common in the Orient, is suited ideally for 
nonoperative treatment by percutaneous balloon dilation. My 
colleagues from China and I have now successfully treated six 
such patients, three of whom had previous surgical procedures. 
Improvement was dramatic and long lasting. 

Therefore, in the current management of the Budd-Chiari 
syndrome, one form, specifically membranous obstruction of 
inferior vena cava, which can be accurately diagnosed by an- 
glography, could and should be treated nonsurgically by per- 
cutaneous balloon dilation. The latter approach is an effective 
and safe alternative to surgery. 


TSUNG O. CHENG, M.D. 
Washington, D.C, 


October 2, 1990 
Dear Editor: 


Obstruction of hepatic venous drainage can result from disease 
at several anatomic locations including (1) nonthrombotic veno- 
occlusive disease originating in the terminal hepatic venules, (2) 
thrombotic occlusion of the hepatic veins or suprahepatic vena 
cava, and (3) membranous obstruction of the suprahepatic in- 
ferior vena cava. It has been common practice to group this 
diverse array of disorders together as the Budd-Chiari syndrome. 
Much of the confusion and debate concerning the optimal treat- 
ment for these patients could be avoided if such practice was 
abandoned. 

I would agree with Dr. Cheng that invasive radiologic tech- 
niques may be appropriate treatment for selected patients who 
develop isolated membranous obstruction of the suprahepatic 
vena cava, and the successful outcome of such strategy has been 
published previously.'* Percutaneous laser-assisted angioplasty 
has also been used in similar cases.** Membranous vena caval 
obstruction, although a common etiology of the Budd-Chiari 
syndrome worldwide, is rare in the United States except in those 
areas with a large population of Oriental immigrants.° Our dis- 
cussion concerning the surgical management of patients with 
the Budd-Chiari syndrome was directed toward patients with 
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hepatic vein thrombosis that was either primary in nature or 
developed secondary to vena caval obstruction. Neither balloon 
angioplasty nor laser obliteration is likely to be safe or effective 
for such patients, who account for the majority of Budd-Chiari 
cases seen in this country. There may be, however, a role for 
invasive radiologic procedures in the postoperative management 
of these patients. In our experience both énastomotic and non- 
anastomotic venous stenoses have been managed successfully 
with a combination of percutaneous trarsluminal angioplasty 
and/or percutaneous transvenous stent placement. 


ANDREW S. KLEIN 
Baltimore, Maryland 
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August 9, 1990 
Dear Editor: 


It seems to me that Drs. Crowley and Seigler, the authors of 
“Late Recurrence of Malignant Melanoma” (August 1990), 
missed an excellent opportunity to make a contribution to the 
debate concerning the current concept of Jocal excision of thin 
melanomas of that amount of tissue that can be closed primarily 
is sufficient in a 10-year follow-up study. They indicated in their 
article, as I read it, that tumors less than 1 mm in depth repre- 
sented approximately 25% of their cases (this was illustrated in 
Table 2.) In Table 4 they indicated that local skin recurrence 
occurred in approximately 34% of their cases. 

The additional factor that would have been helpful would be 
a correlation of those thin melanoma excisions with the local 
skin recurrences (if any) to determine if there was any relation- 
ship between the extent of the surgical excision and the recur- 
rence of the tumors. l 


GEORGE F. BALE, M.D. 
Memphis, Tennessee 


October 14, 1990 
Dear Editor: 


Dr. Seigler and I thank Dr. Bale for his letter regarding our 
article “Late Recurrence of Malignant Melanoma.” 

Approximately 25% of patients with complete histologic re- 
cords had melanomas measuring less than | mm. These thin 
melanomas included 6 patients with extremity primaries, 10 
patients with trunk primaries, and 5 patients with head/neck 
primary lesions. Interestingly only three cf these patients ex- 
perienced local recurrence. Most of these patients (11 of 21) had 
recurrence in the regional nodes and a large percentage (7 of 
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21) at distant sites, including lung, bone, and gastointestinal 
tract. The small number of patients (three) with thin melanomas 


_ who experienced local recurrence make analysis of the influence 


of margins of excision extremely difficult. 

As indicated in Table 4, there were 17 patients with cutaneous 
melanomas who had local recurrence. ‘These included 7 patients 
with extremity primaries, 7 patients trunk primaries, and 3 with 
head/neck primary lesions. These 17 local relapses occurred in 
the total population of 155 patients with cutaneous melanomas, 
for a total of 11% (rather than 34%). The Breslow thickness in 
this group of patients ranged from 0.45 mm to 3.35 mm. Again, 
only three of these patients had melanomas measuring less than 
I mm. 

The issue of recurrent disease and survival in patients with 
thin melanomas (less than 0.76 mm) was evaluated for a group 
of 681 patients seen at the Duke University Melanoma Clinic. 
I would refer Dr. Bale to this paper by Slingluff et al. in a previous 
issue of the Annals of Surgery (1988; 208:150-161). In this anal- 
ysis two clinical risk factors (axial primary site and male sex) 
and two histologic risk factors (Clark’s level IV and severe his- 
tologic regression) were associated with an increased incidence 
of recurrence. Local skin recurrence was seen in 5% of patients 
and margins of excision were evaluated for this group of patients. 
Of those patients who experienced local recurrence, patients with 
margins of excision less than i cm had recurrence no sooner 
than those with wider margins, suggesting that narrow margins 
of excision (less than | cm) did not play a role in the risk of 
subsequent recurrence. 


NANCY J. CROWLEY, M.D. 
Durham, North Carolina 


March 9, 1990 


Dear Editor: 


We read with interest the article entitled “Is Preoperative An- 
giography Useful in Patients with Periampullary Tumors?” by 
Dooley and associates (Ann Surg 1990; 211:649-655). 

The authors evaluated the role of preoperative visceral an- 
giography as a staging test adjunctive to computed tomography 
scan in patients with periampullary tumors. Thirteen of twenty- 
eight patients with positive angiographic evidence of vascular 
involvement were not explored and 6 of the remaining 15 who 
were explored had successful resection of the tumor. This false- 
positive rate of angiography (6 of 28) is quite high and discon- 
certing. The conclusion that all 17 patients with vascular occlu- 
sion as shown on angiography were unresectable is erroneous 
because only four of these were confirmed to be unresectable 
on exploration. But even if one believes that all of the 11 patients 
with total vascular occlusion were unresectable, the advantage 
of identifying this group of patients in 11 of 90 patients (12%) 
is offset by unwanted laparotomy in 14 of 90 patients (15%) in 
the angiogram-normal but unresectable group. 

The data regarding peritoneal and liver spread is not available 
in 11 of 13 patients who were not explored (two had liver sec- 
ondaries). Fifteen of the remaining seventy-nine patients had 
evidence of liver and peritoneal spread, which would have been 
amenable to detection by laparoscopy, a safe, cost-effective and 
accurate method.! 

The question mark posed at the end of the title is very valid, 
and it should have been followed by an emphatic ‘No.’ 


S. S. SIKORA, M.S. 
V. K. KAPOOR, M.S. 
Luchnow, India 
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October 30, 1990 
Dear Editor: | 


We thank Drs. Sikora and Kapoor for their interest in our 
- study. We started with 90 patients who on the basis of computed 
tomography (CT) scan appeared to have resectable periampullary 
tumors. Visceral angiography demonstrated vascular occlusion 
in 11 of these 90 patients. Major vascular occlusion secondarv 
to tumor is widely accepted as indicative of unresectability in 
periampullary tumors. Angiography is considered the definitive 
test for demonstrating vascular occlusion. After exploring 4 of 
these {1 patients and confirming that they were unresectable, 
we thought it was inappropriate and unwarranted thereafter to 
continue to explore such patients with major vascular occlusions. 
Seventeen patients had vascular encasement without occlusion 
demonstrated on angiography. At the time of laparotomy, en- 
casement was confirmed in 13 patients. In two of these patients, 
however, the involved portal vein was resected and reconstructed. 
The remaining four patients at surgery were found to have no 
major vessel encasement and were resected. Thus the false-pos- 
itive rate for the angiographic findings of both encasement and 
occlusion was 4 of 28 patients, or 14%. Although this rate is 
high, it does not obviate the value of angiography in preoperative 
staging of patients with periampullary tumors. We think the 
benefits of angiography are as follows: (1) avoiding needless lap- 
arotomy in patients with vessel occlusion; (2) alerting the surgeon 
to the possible need for major vascular resection and reconstruc- 
tion in those patients with encasement; and (3) providing useful 
anatomic information to the surgeon concerning the hepatic 
arterial anatomy. : 

Other means of staging, such as laparoscopy, have been eval- 
uated for patients with periampullary tumors. Although lapa- 
roscopy can identify superficial liver metastases and peritoneal 
implants, it is our belief that laparoscopy adds little to our current 
routine of staging by CT and angiography. In our series of 90 
patients, six had peritoneal implants that would have been de- 
tectable at laparoscopy. Three of these patients had resectability 
excluded on the basis of visceral angiography. In addition at the 
time of exploration seven patients had resectability excluded by 
unsuspected liver metastases. Only four of these patients had 
superficial liver metastases that would have been detected by 
laparoscopy. The other three were deep-seated lesions. Therefore 
only 7 of our 90 patients would have benefited from laparoscopy 
in their staging evaluation before laparotomy. Using CT scan 
and viseral angiography, our overall resectability rate was 68%. 
This is the highest rate reported, and we think it justifies our 
approach. 


WILLIAM C. DooLEY, M.D. 
JOHN L. CAMERON, M.D. 
HENRY A. PITT, M.D. 

KEITH D. LILLEMOE, M.D. 
NANCY C. YUE, M.D. 
ANTHONY C. VENBRUX, M.D. 
Baltimore, Maryland 


Dear Editor: 


The paper by Dr. Souba et al.’ published in Annals of Surgery 
is both interesting and valuable. The authors studied the effects 
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of severe infection on gut glutamine metabolism in laboratory 
rats and in hospitalized patients. This study suggests that the 
gastrointestinal response to severe infection clearly is different 
from the response to surgical stress. 

Intestinal glutamine consumption is increased in surgical stress 
despite a decrease in the circulating glutamine concentration. 
In sepsis, on the other hand, a marked reduction in gut glutamine 
use occurred with normal or increased arterial glutamine levels. 
The uptake of circulating glutamine by the gut occurs almost 
exclusively in the mucosal cells, where the content of the enzyme 
glutaminase Is very high. In this study gut glutamine extraction 
decreased in septic patients and in endotoxin-treated rats. The 
authors attribute this phenomenom to an important compromise 
of the integrity of the gastrointestinal mucosa barrier by repeated 
exposure to systemic endotoxins. 

Our group studied enterocyte amino acid concentrations in 
rats and we observed no changes in glutamine levels in starved 
or stressed animals compared to control.’ In septic patients, 
however, we found significantly high plasma levels of glutamine 
with respect to reference values.’ Freeysz et al.* also observed 
high plasma values of glutamine in a similar clinical situation. 

The septic patients in our study received total parenteral nu- 
trition with only 10% branched-chain amino acids. Furthermore 
it is accepted that in sepsis muscle glutamine values are low. 
The fact that our results showed high plasma glutamine levels 
may be explained by the decreased gut glutamine extraction 
described by Souba et al. 


M. PLANAS, M.D. 
M. FARRIOL, M.D. 
S. SCHWARTZ, M.D. 
J. B. PADRO, M.D. 
Barcelona, Spain 
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October 16, 1990 


Dear Editor: 


We thank Dr. Planas and colleagues for their interest in our 
recent paper “The Effects of Sepsis and Endotoxemia on Gut 
Glutamine Metabolism.”’ We appreciate the observation by this 
group that the tntestinal metabolic response to severe infection 
clearly is different from the response to pure surgical stress. 

We would like to emphasize that the relationship between the 
decreased ability of the bowel to use circulating glutamine during 
sepsis and endotoxemia and the apparent breakdown in the gut 
mucosal barrier is, at this time, only an association. However 
the relationship between gut metabolism, structure, and function 
appears to be important because several studies showed that 
supplemental glutamine can influence gut morphology and 
function.” 
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Unlike patients undergoing elective abdominal surgery (who 
exhibit a decrease in the blood glutamine level), patients with 
early sepsis appear to have normal or slightly elevated blood 
glutamine levels. We agree with Dr. Planas and colleagues that 
this observation probably is due to a combination of a reduced 
uptake of glutamine by the bowel with an accelerated release of 
glutamine by skeletal muscle. The flux data is consistent with 
another organ of significant glutamine consumption during en- 
dotoxemia and preliminary data suggest that the liver becomes 
the principal organ of glutamine use during severe infection.’ 


WILEY W. SouBA, M.D. Sc.D. 
Gainesville, Florida 
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August 3, 1990 
Dear Editor: 


I read with interest a recent article “Reduction of Intimal 
Hyperplasia and Enhanced Reactivity of Experimental Vein 
Bypass Grafts with Verapamil Treatment.”! However the 
method used to remove the vein was not according to established 
technique and thus prompts questions about the clinical impli- 
cations of the study. 

In a series of experiments, LoGerfo et al.2~> developed a tech- 
nique for prevention of spasm and demonstrated with scanning 
electron micrographs essentially total preservation of endothe- 
lium in vein grafts and elimination of the intimal hyperplasia. 
The technique involves perivenous infiltration of a diluted pa- 
paverine solution, extreme gentleness in the dissection of the 
vein, early cannulation and distension with a Shiley vein dis- 
tension set using warm papavarine (60 mg)/heparin (2000 U)/ 
plasmalyte (500 mL) solution, and storing the vein in the dis- 
tended state in the same solution at 4°C. 

Baumann’ and Sottiurai’ in separate investigations confirmed 
the importance of papaverine, a balanced electrolyte solution, 
and prevention of overdistension of the vein segment. In the 
latest issue of Vascular Surgery, separate chapters, “In Situ Sa- 
phenous Vein Intimal Bypass” by Leather and Shah; and 
“Translocated Autogenous Vein Grafts” by Cambria and 
Abbott? advocate this technique. 

Thus, while it is encouraging that a newer agent such as ver- 
apamil holds promise for further reduction of intimal hyperpla- 
sia, before it can be considered a clinical advancement, the ex- 
perimental protocol should use it in comparison to the above 
optimal method of vein preparation. 


CHARLES C. PANISZYN, M.D. 
Providence, Rhode Island 
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October 24, 1990 
Dear Editor: 


It has long been recognized that meticulous attention to the 
preservation of the endothelium during harvest, storage, and 
transplantation of autologous veins may have beneficial effects 
on the long-term patency rates.' The literature cited by Dr. Pan- 
iszyn supports this concept. Of note, however, are the facts that 
the method advocated by Dr. Paniszyn differs from the most 
recently cited publication by Dr. LoGerfo? in that no albumin 
is included and that there are no available data from controlled 
trials examining the effect of this approach on short- and long- 
term graft patency. Currently available data on the optimal 
preservation of the endothelium in human saphenous veins re- 
main controversial. In contrast to Dr. Paniszyn’s comments, 
some authorities? advocate the use of crystalloid solutions and 
warm temperatures, while others* advocate the use of heparinized 
chilled autologous blood. The benefit of distention?’ as well as 
the use of papaverine by perivenous infiltration®® and inclusion 
in the storage solution’ is still debated. One of us (RLM) has 
found an increased incidence of wound complications due to 
bleeding in the graft bed when papaverine is infiltrated locally. 
As recently noted by Lawrie,® the use of papaverine or other 
relaxing agents such as nitroglycerin or calctum channel blockers 
needs to be investigated further. 

In our experiments the veins were treated identically before 
transplantation under conditions that we recognize may not be 
optimal for the preservation of the endothelium. This model is 
advantageous in that it is well characterized in terms of the de- 
velopment of intimal hyperplasia and because the hyperplasia 
develops within a short experimental period. In this setting ver- 
apamil clearly reduces intimal hyperplasia. The use of such a 
model to study the pharmacologic manipulation of intimal hy- 
perplasia development is essential for situations that do not allow 
the preservation of the endothelium. Therefore this type of study 
is important in clinical procedures that damage the endothelium, 
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such as percutaneous angioplasty and the use of cardioplegic 
solutions.’ In addition our study design, which permits the de- 
velopment of intimal hyperplasia in a relatively short time period. 
facilitates the investigation of the etiologic factors in the process— 
a major purpose of our investigations. 

We agree with Dr. Paniszyn that whenever possible, conditions 
to maximize vein graft patency should be used. The current lack 
of consensus among clinical authorities on what the optimal 
harvest method should include suggests a need for further ex- 
perimental work such as ours. Only with the demonstration of 
effectiveness in experimental models will we be able to design 
rational clinical trials of adjuvant pharmacologic treatment to 
improve long-term vein graft patency. 


MOSTAFA N. EL-SANADIKI, M.D. 

K. SIMON Cross, M. MED. SCL, F.R.C.S.(ED) 
JOHN J. MURRAY, M.D., PH.D. 

ROBERT W. SCHUMAN, M.D. 

EILEEN MIKAT, PH.D. 

RICHARD L. MCCANN, M.D. 

PER-OTTO HAGEN, PH.D. 

Durham, North Carolina 
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September 20, 1990 
Dear Editor: 


We read with interest the report by Dr. Schoetz and associates 
from the Lahey Clinic, “Addition of Parenteral Cefoxitin to 
Regimen of Oral Antibiotics for Elective Colorectal Operations.””! 
Our recent report, also supported by a grant from Merck, Sharp 
and Dohme, produced a different conclusion.” Both reports were 
prospective, randomized, double-blind studies conducted at sin- 
gle institutions, the Lahey Clinic and University Hospitals of 
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TABLE |. Antibiotics in Colorectal Surgery 


Study Total Patients % Wound Infection 

Schoetz et al.! 

Oral antibiotics 96 14.6 

Oral and IV 101 5.0 
Stellato et al.” 

Oral antibiotics 44 6.8 

Oral and [V 51 5.9 

IV 51 3.9 


IV, intravenous. 


Cleveland, respectively. Table 1 compares the two studies in 
reference to wound infection rates. 

Although the study from the Lahey Clinic has twice as many 
patients as our study (discounting our intravenous-alone arm 
for which there is no comparable arm in the Lahey Clinic study), 
it must be noted that the infection rate in their oral and intra- 
venous group 1s comparable to ours (5% versus 5.9%). In our 
study, however, the use of oral antibiotics alone also resulted in 
a low wound infection rate (6.8%), while Dr. Shoetz reports a 
rate of 14.6%. We concluded that intravenous antibiotics alone, 
oral antibiotics, or the combination of oral and intravenous an- 
tibiotics produced no significant difference in wound infection 
rates. Although increasing patient number usually provides more 
power (i.e., a better ability to discern small treatment differences), 
the similar wound infection rates of their oral and intravenous 
antibiotic treatment arm with both of our groups (oral alone 
and oral and intravenous antibiotics) suggests that their observed 
difference is due to an increased incidence of wound infections 
in the oral antibiotic alone arm, not in our sample size. The 
explanation for their high infection rate 1s not apparent. 


THOMAS A. STELLATO, M.D. 
NAHIDA H. GORDON, PH.D. 

LARRY H. DANZIGER, PHARM.D. 
Cleveland, Ohio and Chicago, Illinois 
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November 1, 1990 
Dear Editor: 


We thank Dr. Stellato and colleagues for their letter ques- 
tioning the differences between our study! and their own.” Cer- 
tainly at first reading there is an apparent dichotomy in the con- 
clusions. On careful review, however, there are some substantial 
differences that have contributed to the apparent discrepancy in 
the observed results. First the patients in our study were followed 
for up to 4 months from the time of discharge from the hospital. 
Consequently those individuals who developed a wound infec- 
tion after discharge were included in our data. Second their def- 
inition of wound infection required visible pus in the wound or 
wounds from which a positive culture was obtained; our wound 
infection rate included those wounds that were clinically suspect 
and consequently opened, despite the fact that wound culture 
was not necessarily positive. Furthermore the presence of a pre- 
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existing stoma was not an exclusion from: our study group; in 
fact 32% of the total number of patients in our study had a 
stoma at the time of operation or had one created as part of the 
operative procedure compared with 10.3% of their total. 

Finally, and most important, there are differences in patient 
populations, with, for example, 4.1% of their study group un- 
dergoing operation for inflammatory bowel disease compared 
with 27.4% in our study group. In short it is clear that the study 
groups are not equivalent in their composition. 

Concerning statistical analysis, the 95% confidence interval 
in our oral antibiotic group with a 14.6% wound infection rate 
was 8.5% to 22.7% compared with their infection rate of 6.8% 
with a 95% confidence interval of 1.7% to 17.4%. A similar con- 
fidence interval for our combination oral and intravenous an- 
tibiotic infection rate of 5% was 1.8% to 10.6% compared to a 
confidence interval of 1.5% to 15.2% for their wound infection 
rate of 5.9%. Comparison of the wound infection rates between 
the two studies by contingency table analysts fails to approach 
p < 0.05 statistical significance with a probability value of 0.26 
for oral antibiotics alone and 0.80 for the combination of oral 
and intravenous antibiotics. Confidence interval and contingency 
table values in this letter have been computed by an exact 
method, Miettinen’s modification of the Fisher exact calcula- 
tion,’ to avoid computational errors inherent in chi-square testing 
of small samples and overestimation of probability by the classic 
Fisher exact computation. 


T sayn 
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We believe that the discordance in results of the two reports 
is derived from major differences in case selection, variations of 
range of diseases, and different criteria for diagnosis of infection. 
Our larger series reduces the range of confidence interval esti- 
mates. Perhaps a larger prospective study with wide spectra of 
colonic disease and procedures might define a special subset of 
patients who need parenteral antibiotics in addition to the reg- 
imen of mechanical cleansing and oral antibiotics. 


DAVID J. SCHOETZ, JR., M.D. 
PATRICIA L. ROBERTS, M.D. 

JOHN J. MURRAY, M.D. 

MALCOLM C. VEIDENHEIMER, M.D. 
ELTON WATKINS, JR., M.D. 

JOHN COLLER, M.D. 

Burlington, MA 
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~ SCIENTIFIC PAPERS 


Long-term Results of Coronary Bypass Surgery 
Analysis of 1698 Patients Followed 15 to 20 Years 





GERALD M. LAWRIE, M.D., GEORGE C. MORRIS, JR., M.D., and NAN EARLE, B.S. 


Between 1968 and 1975, 1698 patients undervent coronary artery 
bypass with autogenous saphenous vein and were followed for 
up to 20 years. Age at operation was 53.9 + 8.4 years, and 1485 
were men (88%). Angina was present in 1637 patients (96%). 
There was single-vessel disease in 306 patients (18%), double- 
vessel in 642 (38%), triple-vessel in 550 patients (32%) and left 
main stenosis in 200 (12%). Preoperative left ventricular quality 
was good in 1185 (70%), poor in 508 (30%), and unknown in 
five patients. Survival at 20 years was as follows: for single- 
vessel disease, 40%; double-vessel, 26%; triple-vessel, 20%; and 
left main, 25%. At 20 years of follow-up, 67% of surviving pa- 
tients were asymptomatic and 26% were improved. Antianginal 
drug therapy consisted of nitrates in 49% of patients and beta- 
blockers in 26%. Graft patency at 0 to 5 years was 633 of 780 
grafts (81%); at 6 to 10 years, 415 of 606 grafts (68%); at 11 to 
15 years, 271 of 449 grafts (60%); and at 16 to 20 years, 65 of 


‘140 grafts (46%). Coronary bypass reoperation was performed | 


. in 324 patients (19%) and survival of these patients was 62% 
compared to 37% for nonreoperation patients (p < 0.05). Cox 
analysis demonstrated that the major determinants of survival 
related to age at operation, extent of coronary disease, quality 
of ventricle, history of stroke, and preoperative congestive heart 
failure. At 20 years of follow-up of this early experience with 
coronary bypass, 76% of surviving patients had one or more 
patent grafts and the probability of freedom from reoperation 
was 0.62. 


long-term clinical and angiographic outcome of 

coronary bypass surgery in a series of patients 
who have been the subject of ongoing prospective studies. 
Previous reports documented the 5-year,!* 10-year,* and 
10- to 15-year®’ follow-up results. The aim of this study 
was to present data for the 15- to 20-year follow-up in- 
terval. — 


g | “\ HIS REPORT CONTAINS information regarding the 


t 


Materials and Methods 


Between 1968 and 1975, coronary bypass surgery was 
performed by one surgeon (G. C. Morris) on 1698 patients 
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From the Cora & Webb Mading Department of Surgery, 
Baylor College of Medicine, and The Methodist Hospital, 
Houston, Texas 


at Baylor College of Medicine and The Methodist Hos- 
pital. The preoperative clinical characteristics of the pa- 
tients are summarized in Table 1 and the angiographic 
data in Table 2. Ejection fraction data were not available 
for most patients from this early experience, and therefore 
left ventricular function was defined as good if the left 
ventricular end-diastolic pressure was less than or equal 
to 15 mmHg and there was no akinetic or aneurysmal 
segment present on left ventriculography. Left ventricular 
function was considered to be poor if the end-diastolic 
pressure was more than 15 mmHg or there was an akinetic 
or aneurysmal segment. Previously we reported the results 
of an analysis of another group of 447 patients from our 
coronary database for whom preoperative ejection frac- 
tion, end-diastolic pressure, and the results of left ven- 
triculography were available.° In the 239 patients classified 
as having good ventricular function, the mean ejection 
fraction was 60% + 1.25% (+ standard error). In the 208 
patients classified as having poor function, the mean ejec- 
tion fraction was 45% + 0.9%. Thus, although not ideal, 
the classification used in this study did define two groups 
of patients with different prognoses. 

The surgical procedures were all performed using a 
standardized technique. Autogenous long saphenous vein 
from the thigh was used for all bypasses. The veins were 
prepared by distension with room-temperature normal 
saline and then stored in saline at room temperature. Pa- 
tients were placed on normothermic crystalloid prime 
cardiopulmonary bypass. The distal anastomoses were 
performed during a single period of normothermic aortic 
cross-clamping. The proximal. anastomoses were per- 
formed during a period of partial aortic occlusion, with 
the empty beating heart supported by full-flow cardio- 
pulmonary bypass. No antiplatelet agents were employed 
after operation. 
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TABLE |. Clinical Characteristics Before Operation of 1698 Patients 
Who Underwent Saphenous Vein Coronary Bypass 


Parameter Value 

Age (yrs) 53.9+  8.4(SD) 
Sex 

Male 1485 (87%) 

Female 213 (13%) 
Angina pectoris 1637 (96%) 
History of myocardial infarction 1030 (61%) 
History of congestive failure 195 (11%) 
History of stroke 47 (3%) 
Obesity 606 (36%) 
Smoking 1023 (60%) 
Diabetes 255 (15%) 
History of hyperlipidemia 985 (58%) 


Blood pressure 


Systolic 136.9+ 20.9 mmHg 

_ Diastolic 82.8+ 11.5 mmHg 
Plasma cholesterol 246 + 53 mg/dL 
Plasma triglyceride 222 + 138 mg/dL 
Serum glucose 98 + 41 mg/dL 
Digoxin use 314 (18%) 
Vasodilator use 1352 (80%) 

. Propranalol use 324 (19%) 
Diuretic use 256 (15%) 
Antiarrhythmic use 140 (8%) 
Antthypertensive use 324 (19%) 


After hospital discharge, follow-up of clinical status was 
assessed prospectively for all patients at regular intervals 
using a standardized questionnaire and supplemented by 
telephone inquiries to patients and their physicians. 

Postoperative cardiac catheterization was performed 
1219 times in 818 of the 1698 patients. Results of these 
studies were also recorded on standardized data sheets. 
Vein grafts were classified as either patent or occluded. A 
vein graft was considered patent if it provided a com- 
munication of any size between the ascending aorta and 
the distal coronary artery. Patent grafts were further clas- 
sified as either normal if there was no luminal irregularity 
causing greater than 20% stenosis or stenotic if there was 
greater than 20% stenosis. 

The data from this study were entered into a custom 
database system written in MUMPS (Intersystems Inc. 
M/SQL [V5B.0-90-06B] resident on a DEC VAX/750 
running VAX/VMS V5.3). The associations among dis- 
crete variables were analyzed by two-way contingency ta- 
ble analyses, and the statistical significance was calculated 
by the Pearson chi square test. The differences among 
groups were determined by analysis of variance for con- 
tinuous variables and nonparametric methods for nominal 
data. Univariate analyses were performed also by means 
of Kaplan-Meier curves to estimate the influence of vari- 
ables on the time-related probability of freedom from 
death or reoperation. The stepwise proportional hazards 
regression model of Cox was used to evaluate the influence 
of covariate factors on the survival interval. The BMDP 
Statistical Software 1990 (VAX/VMS) (BMDP Statistical 
Software Inc., Los Angeles, CA) package was used for all 
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statistical computation except Kaplan-Meier survival 
plots, which were generated by a custom routine validated 
against BMDP. Expected survival of these patients was 
calculated from the mortality rates presented in the 1970 
United States Census for an age- and sex-adjusted pop- 
ulation.2-!! 


Results 


A total of 3205 separate grafts were performed in 1698 
patients, for a mean of 1.9 + 0.6 grafts per patient. This 
resulted in the presence of residual disease after surgery 
in 471 of 1392 (33.8%) of the patients with multivessel 
coronary disease. Residual disease was considered to be 
present when one or more vessels with greater than 50% 
stenosis received no graft. 

Perioperative deaths occurred in 85 patients (5%) within 
30 days of operation. 

Follow-up was 92.2% complete at 20 years. The mean 
follow-up interval was 15.2 + 4.2 years for survivors, and 
the mean interval from operation to death in nonsurvivors 
was 8.6 + 5.2 years. 

Symptom status, work status, and current medication 
usage are summarized in Table 3. The results of evaluation 
of graft patency according to individual grafts are shown 
in Table 4. Overall graft patency in the 16- to 20-year 
interval was 46%. The numbers of patients with one or 
more patent grafts are shown in Table 5. Of the patients 
followed 16 to 20 years, 76% had one or more patent 
grafts. Analysis of the influence of various levels of cho- 
lesterol and triglycerides on vein graft patency were per- 
formed (p > 0.05 for differences in 20-year patency at 
different triglyceride levels). The triglyceride level did not 
influence graft patency. Patients with total cholesterol 
levels greater than 280 mg/dL had significantly lower graft 
patency in the 10- to 20-year interval (Fig. 1). 

A total of 1016 deaths (60%) have occurred. This in- 
cludes perioperative mortality. For sample of the general 
US population of 1970 adjusted for age and sex distri- 
bution,!' 838 deaths (49.4%) would have been expected 
over the 20-year interval. Thus the observed to expected 
mortality ratio was 1.2 over the 20-year interval, an excess 


TABLE 2. Preoperative Coronary Angiographic and Left 
Ventriculographic Findings in 1698 Patients 
Factor No. Patients (%) 


Number of stenotic coronary arteries 


One artery 306 (18) 
Two arteries 642 (38) 
Three or four arteries 550 (32) 
Left main artery 200 (12) 
Quality of left ventricle 
Good 1185 (70) 
Poor 508 (30) 
Unknown 5 (0.3) 
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TABLE 3. Results of Clinical Follow-Up at 5-Year Intervals of the 1698 Patients 
Factor 0-5 Years — 6-10 Years 11-15 Years 16-20 Years 
Relief of angina 
No. of responses 376 761 676 332 
Asymptomatic 328 (57%) 406 (53%) 365 (54%) 221 (67%) 
Improved 206 (36%) 286 (38%) 240 (36%) 86 (26%) 
Same 34 (6%) 52 (7%) 38 (6%) 17 (5%) 
Worse 8 (1%) '17 (2%) 33 (5%) 8 (2%) 
Symptoms of heart failure 34/538 (6%) 70/658 (11%) 133/680 (20%) 103/334 (31%) 
Work status 
No. of responses 531 643 660 321 
Same 255 (48%) 248 (39%) 245 (37%) 82 (26%) 
More 20 (4%) 41 (6%) 80 (12%) 17 (5%) 
Less 64 (12%) 107 (17%) 192 (29%) 114 (35%) 
None 192 (36%) 247 (38%) 143 (22%) 108 (34%) 
Medication use (positive response/ 
total response) 
Digoxin 112/516 (22%) 168/646 (26%) 159/680 (23%) 56/322 (17%) 
Vasodilator 118/512 (23%) 259/647 (40%) 298/685 (44%) 161/329 (49%) 
Beta biocker 117/513 (23%) 213/640 (33%) 219/680 (32%) 83/322 (26%) 
Antiarrhythmic 45/512 (9%) 82/637 (13%) 84/672 (13%) 48/321 (15%) 
Oral hypoglycemic 1/3 (33%) 4/4 (100%) 7/121 (6%) 20/302 (7%) 


mortality rate of about 20%. Cardiac causes of death pre- 
dominated, accounting for 513 of all the 1016 deaths 
(50.5%). Cardiac deaths occurred from recurrent myo- 
cardial infarction (260 patients), progressive congestive 
heart failure (136 patients), or from arrhythmias (117 pa- 
tients). Cancer accounted for 89 deaths and stroke for 51 
deaths. The cause of death could not be determined in 
199 patients. A large variety of other causes were respon- 
sible for the remaining deaths. 

The results of Kaplan-Meier analysis of the influence 
of sex on survival probability is shown in Figure 2. Survival 
was similar for men and women. The influence of the 
number of vessels diseased before operation on survival 
is shown in Figure 3. The influence of quality of preop- 
erative ventricular function on survival is shown in Figure 
4. Figures 5 and 6 illustrate survival probability according 
to the simultaneous influence of quality of ventricle and 
the number of vessels diseased. 

Kaplan-Meier analyses of the influence of plasma total 


cholesterol, triglycerides, diabetes mellitus, and systolic 
blood pressure on 20-year survival probabilities demon- 
strated that neither the total cholesterol nor the triglyceride 
levels were predictive of survival (Figs. 7 and 8), whereas 
the presence of diabetes or a systolic blood pressure of at 
least 161 mmHg were associated with reduced survival 
(Figs. 9 and 10). A more detailed analysis of the influence 
of diabetes mellitus on 10- to 15-year survival rates in 
212 of these patients has been reported previously.’ The 
age at operation was also a significant predictor. 

The survival of the 471 patients with multivessel disease 
who had residual disease was compared with the remain- 
ing 911 patients who received a graft to each major cor- 
onary artery with a significant stenosis and thus had no 
residual disease. The survivals of patients with double- 
vessel disease and either no or one residual lesion are 
shown in Figure 11. Long-term survival was significantly 
lower in the presence of a residual lesion (p < 0.05). 

The survival probabilities of patients with triple-vessel 


TABLE 4. Results of 1975 Graft Evaluations from 1219 Studies in 818 Patients 


(No. of meen Cathed) RCA LAD LCA DIAG Total 
0-5 (418) 

No. patent/no. studied 214/271 (79%) 304/362 (84%) 99/122 (81%) 16/24 (64%) 633/780 (81%) 
ae as studied 138/207 (67%) 221/291 (76%) 54/96 (56%) 2/12 (17%) 415/606 (68%) 
“Ne patent/no. studied 86/156 (55%) 141/204 (69%) 39/79 (49%) 5/10 (50%) 271/449 (60%) 
ns ee studied 21/42 (50%) 33/56 (59%) 11/26 (42%) — 65/140 (46%) 


Cathed, catheterized; RCA, right coronary artery; LAD, left anterior 


descending coronary artery; LCA, left circumflex coronary artery; DIAG, 
diagonal. i 
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TABLE 5. Analysis of the 818 Patients Who Underwent Postoperative 
Vein Graft Study According to the Presence or Absence 
of One or More Patent Grafts 


Time to Most Recent At Least No Patent Total 
Catheterization | Patent Graft. Grafts Patients 
<31 days 37 (95%) 2 (5%) 39 
1 month to 5 years 206 (88%) 29 (12%) 235 
6-10 years 206 (79%) 56 (21%) 262 
11-15 years 172 (78%) 48 (22%) 220 
16-20 years 49 (79%) 13 (21%) 62 
Total patients studied 670 (82%) 148 (18%) 818 


disease are presented according to the extent of residual 
disease (Fig. 12). Both one and two residual lesions had 
a significant impact on late survival (p < 0.005). 

Coronary bypass reoperation was performed in 324 
(19%) of patients at a mean interval of 9.5 + years from 
initial operation. Perioperative mortality was 11.4% (37 
patients). The probability of freedom from reoperation 
for all patients and the survival of the 324 patients after 
reoperation are shown in Figures 13 and 14. Reoperation 
was required for residual disease in 79 patients (27%) and 
progression of disease or graft failure in 244 patients (73%). 
The influence of reoperation on subsequent survival 
probability is shown in Figure 13, which provides a com- 
parison of overall survival of the 1698 patients with the 
survival of all reoperated patients from the time of their 
first coronary bypass. The survival of the reoperated pa- 
tients also is plotted from the time of their reoperation. 
Figure 14 illustrates the probability of freedom from cor- 
onary bypass reoperation for the 1698 patients over the 
20-year interval. At 10 years the probability of freedom 
from reoperation was 0.87; at 15 years, 0.72; and at 20 
years, 0.62. 

Cox regression analysis was performed to evaluate the 
influence of preoperative and intraoperative variables on 
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FIG. 1. Influence of various levels of total plasma cholesterol on the 20- 
year patency of saphenous vein grafts analyzed by the Kaplan-Meier 
technique. The number of patent grafts available for analysis at each 
interval are shown. 
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Fic, 2, Comparison of the survival probabilities (Kaplan-Meier) of 1485 
men and 213 women after coronary bypass surgery. Survival was similar 
at all intervals for men and women. (p > 0.05 for differences). The ex- 
pected survival for an age and sex adjusted sample of the general popu- 
lation is shown for comparison on this and subsequent figures. (See text 
for details of methods used to derive this population.) 
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FIG. 3. Survival probabilities of 1698 patients according to the extent of 
coronary disease before operation. 
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Fic. 4. Survival probabilities of 1698 patients according to the quality 
of left ventricular function before operation. (See text for definitions of 
good and poor left ventricular function.) 
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Fic. 5. Survival probabilities of 1185 patients with good left ventricular 
function according to the number of vessels diseased. 
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Fic. 6. Survival probabilities of 508 patients with poor left ventricular 
function according to the number of vessels diseased. 
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FG. 7. Influence of total cholesterol (mg/dL) on the 20-year survival of 
1094 patients for whom cholesterol data was available. There were no 
significant differences in survival (p > 0.05). 


overall survival (Table 6). Many variables had some in- 
dependent predictive value, in part due to the large num- 
ber of patient-years available for analysis. The most im- 
portant variables, however, related to the extent of cor- 
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Fic. 8. Influence of the plasma triglyceride level on 20-year survival. 
Triglyceride levels are in mg/dL. There were no significant differences 
in survival probabilities. 
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FIG. 9. Influence of diabetes mellitus on the 20-year survival probability 
of 1698 patients, of whom 262 were diabetic. 
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Fic. 10. Influence of level of systolic blood pressure (SBP) in mmHg 
before operation on 20-year survival probability. 


onary disease and factors associated with the quality of 
left ventricular function. The risk factors of age, systolic 
hypertension, diabetes mellitus, and a history of preop- 
erative stroke were also important predictors. 
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FIG. 11. Survival probabilities of patients with double vessel disease ac- 
cording to the presence or absence of a residual lesion. 


A total of 918 peripheral vascular procedures were per- 
formed on 638 (38%) patients during the follow-up in- 
terval. : ` 


Discussion 


This early experience with coronary bypass surgery dif- 
fers in several notable respects from current practice. Most 
patients were operated on before the availability of beta- 
blocking agents, and none were treated before operation 
with calcium channel-blocking agents. These factors, 
combined with anesthetic techniques that were still 
evolving, led to significant problems with hemodynamic 
instability before institution of cardiopulmonary bypass 
in many of the higher-risk patients. 

There were a small number of grafts performed per 
patient (1.9) compared with our current practice of per- 
forming three to four grafts per patient in most cases of 
multivessel disease. The saphenous vein was used exclu- 
sively, whereas now at least one internal mammary bypass 
is performed in more than 80% of patients. 

No hypothermic or cardioplegic myocardial protection 
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FiG. 12. Survival probabilities of patients with triple vessel disease ac- 
cording to whether one or two residual lesions were present. 
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Fic. 13. Survival probability of 324 patients who underwent coronary 
reoperation. A comparison is provided for both survival from the first 
coronary bypass operation and for survival from the time of reoperation. 


was. used. Although this had little impact on the results 
in patients with good preoperative left ventricular func- 
tion, patients with severely impaired ventricles and mul- 
tivessel coronary disease experienced significant periop- 
erative mortality from left ventricular dysfunction. 
Despite these problems, most of the patients have done 
well over the 15- to 20-year follow-up interval. Analysis 
of the impact of the coronary bypass on clinical status 
and survival has become more complicated as the follow- 
up interval has lengthened, because most surviving pa- 
tients are now older than 70 years and, like the rest of 
their peer group, have retired and become more sedentary. 
Furthermore to survive over such a.long follow-up inter- 
val, it is likely that, in the 15- to 20-year survivors, char- 
acteristics of their coronary disease and graft function have 
provided them with this outcome, in contrast to the fate 
of the nonsurviving patients. Thus it is difficult to assess 
how many of the changes in activity levels documented 
in Table 3 are due to self-selection for survival, aging alone, 
and how many are due to their coronary disease. 
Despite these problems relief of symptoms, as described 


n=1401 n21123 


Probability 
o a kh b bh &@ N BD & OS 





Survival Time in Years 


FIG. 14. Probability of freedom from coronary bypass reoperation for 
the 1698 patients over a 20-year period. 
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TABLE 6. Results of Cox Regression Analysis for Factors Predictive of Overall Mortality Rate 


Variable Beta SE (B) 
Left main disease 0.6585 0.1264 
~ Age at operation 0.0209 0.0041 
Systolic blood pressure 0.0666 0.0015 
Number of vessels diseased 
0.3803 0.1049 
0.5199 0.1208 
Preoperative CHF 0.3984 0.0995 
Diabetes 0.3347 0.0841 
Preoperative stroke 0.6616 0.1680 
Preoperative myocardial infarction 0.2494 0.0707 . 
Ventricular quality 0.2499 0.0715 
Preoperative digoxin 0.2817 0.0871 
Assoc valve surgery 1.6296 0.5809 
Isolated CABG —0.4569 0.1666 
Preoperative diuretic use 0.2459 0.0908 
Residual disease 0.1702 0.0847 


B, beta; SE (B), standard error; RR, relative risk; CI, confidence interval; 


by the patients, has been persistently good. Freedom from 
angina has been well maintained, but at the same time 
there has been a progressive increase in the use of various 
forms of coronary vasodilators, including calcium chan- 
nel-blocking agents. The most important change in 
symptoms has been the significant increase in the number 
of patients reporting symptoms of congestive heart failure. 
Whether this is due to true congestive heart failure sec- 
ondary to progressive deterioration of left ventricular 
function or is a manifestation of the left ventricular hy- 
pertrophy and diastolic dysfunction seen in coronary dis- 
ease could not be determined in this study. 

We have not observed the marked deterioration in 
symptom relief reported by Campeau et al.!? of 3.7% per 
annum. Our results are similar to those of Schaff et al.” 

There are few reports of long-term survival data with 
which to make comparisons with our own study. In the 
randomized European Coronary Surgery Study'* the 
overall survival at 12 years of follow-up was 70.6% + 5.8% 
for surgically treated and 66.7% + 5.3% for medically 
treated patients. This study was restricted to patients with 
reasonably good preoperative left ventricular function. 
Our group of patients with good left ventricular function 
achieved. a survival rate of 60.6% at 12 years. 

The Veterans Administration Coronary Artery Bypass 
Cooperative Study Group™ reported that, at a follow-up 
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Level RR (95% Cl) 5 p Value 
Absent 1.0 27.15 <0.0001 
Present 1.9 (1.5, 2.5) 
1.0 
Per year 1.02 (1.01, 1.03) 25,43 <0.0001 
0 1.0 
Per mmHg 1.007 (1.003, 1.010) 20.48 <0.0001 
1 or less 1.0 
2 vessels 1.5 (1.2, 1.8) 20.17 <0.0001 
3 or more 1.7 (1.3, 2.1) 
Absent 1.0 
Present 1.5 (1.2, 1.8) 16.04 0.0001 
Absent 1.0 15.85 0.0001 
Present 1.4 (1.2, 1.6) 
Absent 1.0 15.51 0.0001 
Present 1.9 (1.4, 2.7) 
Absent 10 12.46 0.0004 
Present 1.3 (1-1, 1.5) 
Good 1.0 12.22 0.0005 
Poor 1:3 (1:115) 
Absent 1.0 10.45 0.0012 
Present 1.3 (1.1, 1.6) 
Absent 1.0 7.87 0.0050 
Present 5.1 (1.6, 15.9) 
No 1.0 7.52 0.0061 
Yes 0.63 (0.46, 0.88) 
Absent 1.0 7.34 0.0067 
Present LILL 13) 
Absent 1.0 4.04 0.0446 
Present 1.2 (1.0, 1.4) 


x’, chi square; CHF, congestive heart failure; Assoc, associated; CABG, 
coronary artery bypass graft operation. 


interval of 11 years, the survival probability for single- 
vessel disease treated medically was 0.65 and for surgically 
treated patients was 0.70. At 11 years the survival prob- 
ability of our surgically treated patients with single-vessel 
disease was 0.76. For double-vessel disease our survival 


_was 0.61 at 11 years, compared with a VA medical rate 


of 0.69 and operative rate of 0.55. For triple-vessel disease, 
the VA survival probability was 0.50 for medical and 0.56 
for surgical treatment, compared with our surgical result 
of 0.54. 

Proudfit et al.' reported on the 15-year survival of a 
medically treated ‘surgical candidate’ group of 386 pa- 
tients. The 15-year survival rates were, for single-vessel 
disease, 57% to 61%; double-vessel disease, 23% to 30%; 
and triple-vessel disease, 17% to 30%. The corresponding 
figures at 15 years for our surgical patients are 0.63, 0.42, 
and 0.35. 

Proudfit also noted that the main predictors of 15-year 
survival identified by Cox regression analysis were the 
presence of two- or three-vessel disease, hypertension, 
symptoms for more than 5 years, abnormal electrocar- 
diographic (ECG) findings, evidence of peripheral vascular 
disease, and an end-diastolic pressure greater than 30 
mmHg. 

The deleterious influence of residual disease was rec- 
ognized early in our experience with coronary bypass. !?4 
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The adverse influence of failure to revascularize all major 
graftable vessels has continued through the 15- to 20-year 
interval. As shown in Figures 11 and 12, the 15-year sur- 
vival probability for patients with completely revascular- 
ized double-vessel disease was 0.43, compared with 0.34 
for incompletely revascularized patients. For triple-vessel 
disease the effect was even greater, with a survival prob- 
ability of 0.42 for no residual lesion, 0.32-for one residual 
lesion, and 0.22 for two residual lesions. 

Other authors have reported similar findings with regard 
to the adverse influence of residual disease on survival. 17-74 
An additional benefit of more complete revascularization 
has been improved relief of angina and exercise tolerance 
after surgery.7>-7’ 

These long-term data continue to demonstrate that it 
is important to ensure that all stenosed major epicardial 
coronary arteries receive a bypass graft. Currently the av- 
erage number of grafts placed is 3.4 per patient. 

The other factor critically important to the long-term 
success of the operation is the behavior of the saphenous 
vein grafts. In our own experience we have documented 
a steady rate of attrition of graft patency of 2% to 3% a 
year (Table 4).!~%8-? 

Despite this attrition and the small number of grafts 
performed in each patient, 79% of patients (Table 5) had 
at least one patent graft in the 16- to 20-year interval. 

In earlier reports we documented the occurrence of in- 
timal proliferation’? and later, atherosclerosis?! in the sa- 
phenous vein grafts. Whereas progression of coronary 
disease appears to have had a minor role in vein graft 
occlusion in our experience, f vein graft atherosclerosis 
now has emerged as the major threat to the long-term 
patency of the vein grafts. This is consistent with data 
from other long-term studies*?-** showing progressive de- 
generation of vein grafts with time. 

The cause of these changes remain unknown. Some 
authors consider hyperlipidemia-induced lipid uptake by 
the vein wall to be the dominant event.** Our own data 
has consistently failed to demonstrate significant differ- 
ences in the total cholesterol, triglyceride, or lipoprotein 
levels of patients with normal or abnormal grafts late after 
operation, except in patients with very severe hypercho- 
lesterolemia.?”*! 

We believe that intraoperative manipulation of the sa- 
phenous veins may cause trauma to the intima and media 
that leads to changes ultimately culminating in the late 
onset of graft atherosclerosis. Our studies on human sa- 
phenous vein suggest that vein preparation with saline 
solution should be abandoned and replaced with a bal- 
anced salt solution containing albumin.***° Our data are 
consistent with the results of many other studies, which 
we recently reviewed at length.*° 

Initially in this experience, reoperation was required 
for correction of residual disease. Subsequently the major 
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cause of reoperation has been vein graft failure. The re- 
operation rate was 1% per annum up to 9 years of follow- 
up, but thereafter increased to 2.5% per annum. However 
this rate has remained stable during the 10- to 20-year 
interval. Similar rates of reoperation have been noted for 
this same interval by other authors.*’ A substantial re- 
duction in the reoperation rate to less than 0.5% per an- 
num has been noted in more recent experience. As re- 
ported by others, our patients after reoperation had long- 
term survival rates comparable to other nonreoperated 
patients,?*9 

It was of interest to note that age at operation, diabetes 
mellitus, systolic hypertension, and a history of stroke all 
continued to be significant predictors of overall survival. 
Over a 20-year period, it is evident that patients aged 60 
to 70 years will ultimately have a survival disadvantage 
compared with patients aged 50 years. As we have reported 
previously,’ diabetic patients experienced excess mortality 
from cardiac, renal, and stroke events. The role of systolic 
hypertension as a risk factor for cardiovascular mortality 
has received increasing attention in recent years.“ In 
this study it was a relatively powerful independent pre- 
dictor of death. 

Notably absent as a risk factor predictive of death was 
the total serum cholesterol level. These findings are con- 
sistent with those of the Framingham study, which showed 
no association of level of cholesterol with mortality for 
men over 50 years of age.* | 

Changes in practices that should lead to enhanced long- 
term results among patients currently undergoing coro- 
nary bypass surgery include improved preoperative and 
intraoperative patient stabilization, better vein graft prep- 
aration techniques, and the liberal use of one or both 
internal mammary arteries. The use of perioperative and 
long-term aspirin therapy has favorably affected early and 
intermediate graft function and has important experi- 
mentally demonstrated effects on vein graft lipid metab- 
olism. 

The results of this study further emphasize the need for 
sustained intensive medical supervision of these patients 
and treatment of all controllable risk factors. The role of 
intensive lipid lowering in these patients is not yet estab- 
lished. 

The significant proportion of patients dying from ar- 
rhythmias suggests that greater attention needs to be given 
to the management of patients who manifest serious ar- 
rhythmias in the preoperative or perioperative intervals 
or during the long-term follow-up interval. Such patients 
may benefit from more intensive evaluation, including 
electrophysiology studies. 

Given the foregoing, it is highly probable that patients 
now undergoing coronary bypass wil] have more favorable 
long-term results than those of the 1698 patients in this 
study. 
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DR. ROBERT JONES (Durham, North Carolina): For most patients, 
coronary artery disease is a chronic phenomenon. It may be punctuated 
by sudden untoward events. Therefore it’s appropriate to follow these 
patients for many years, such as these data showing medically treated 
patients at Duke University Medical Center during the same era as the 
data demonstrated to you so nicely by the Baylor group. 

These data represent freedom from cardiac death, not total death, but 
illustrate that about one half of the people treated medically during a 
period of 18 years have died as a result of their coronary disease. In 
segmenting these medically treated patients by the year they were cath- 
eterized and entered into medical treatment, we notice an apparent im- 
provement in those medically treated in more recent time intervals, the 
last two intervals from 1978 to the present being roughly equivalent. 

However, with more careful evaluation of the baseline characteristics 
that control risk in these medically treated patients, of which there are 
four, the apparent improvement was due to the lower baseline risk of 
the medically treated population. And that was because we were more 
effective in recognizing the high-risk patient, not treating medically, and 
placing him in the surgical population. Fortunately, during this interval, 
we were consistently improving surgical results so that our surgical mor- 
tality rate continued to decrease even as we absorbed these higher-risk 
patients. 

On this slide is shown the relative hazard of being treated medically 
or surgically, with this being equal hazard in the middle at one, benefit 
on your left, and surgery actually being harmful on your right, in the 
patient’s cohort receiving either medical or surgical treatment in 1970, 
1977, or 1984. 

In 1970, surgery was only helping those patients with the most severe 
form of disease anatomically, those with left main. By 1977 we were 
helping the three-vessel patients. And by 1984 we were helping all patients 
with at least two-vessel disease and, perhaps, even helping some patients 
with single-vessel disease. 

And we’ve seen continued improvement in surgical outcome since 
1984, particularly associated with increased use of the internal mammary 
artery graft. 

The final piece of data calculates, based on the baseline variables of 
patients, the relative improvement in surgical treatment compared to 
medical outcome, starting with patients with very low risk on the left 
and continuing to patients whose baseline characteristics that place them 
at very high risk on the right. 

At every level of risk there is an incremental improvement in survival 
rate at 5 years in the surgically treated patients. 

There is a price to pay in increased operative risk to achieve this greater 
5-year survival. 

The patients who are higher risk treated medically have a better out- 
come if treated surgically, but you must pay a higher risk of operative 
mortality. However we could define no population in which the risk of 
surgery began to approach the risk of the medically treated population. 

Certainly, somewhere in the world, there must be a patient with too 
much heart disease to benefit from operation, but we’ve not yet been 
able to define this individual. And, in fact, our practice has tended toward 
operating on those individuals with greater risk treated medically and 
not operating on the patients with more minimal risk. 

I have one question that J would like to address to Dr. Lawrie. What 
criteria is currently used at the Baylor medical institutions for turning 
down coronary surgery to patients because of high risk? Are patients 
turned down because they are too sick for coronary bypass grafting? 


Dr. JOSEPH MCLAUGHLIN (Baltimore, Maryland): Dr. Lawrie that 
was a marvelous series that you presented. When I looked at the abstract 
a few weeks ago, I was struck by the difference in current procedures 
compared to those performed 20 years ago. 

So I asked my secretary to get us a computer readout of procedures 
we are doing ncw. We’ve operated on 1300 patients during the last 3 
years. Your average age was 54 years. In our group the average age was 
64 years. And 10% of the patients were older than 75 years. 

Twelve per cent of your patients were female; 29% of our patients are 
female. That’s an important figure because women have a much higher 
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mortality rate—a consistent finding around the country—than do the 
male patients. 

Thirty-two per cent of your patients had triple-vessel disease. I believe 
that’s the right figure. Seventy-six per cent of our patients had either 
three or four grafts. Only 5% of our patients at the present time have 
single-vessel coronary bypasses, and these were virtually all emergencies 
in the last few years following failed PTCAs. 

Morbidity is also worse. This goes with what Dr. Jones has noted. We 
defined hypertension, carotid disease, COPD, and diabetes as comorbid 
factors. One can look at whatever factors you like, but these seem to be 
the most important ones. 

Thirty-two per cent of our patients are hypertensive, 23% were diabetic, 
rates that are much higher than we saw years ago. And if we add those 
four together, 65% of our patients have comorbid factors at the present 
time. 

Which then brings us to a mortality rate. Your rate was very good for 
that period of time. I believe it was about 3%. Our rate is 4% for this 
group of patients. 

And that’s interesting because 62% of our patients are either operated 
on emergently or urgently. These are significant numbers. The mortality 
rate varies from about 1% to about 17% for those patients who are op- 
erated on out of the intensive care unit, who are older than 65 years. 

` | think it’s an entirely different ball game today, 20 years later. And 
I wonder-—and I guess the question or the speculation 1 would ask of 
you is, what do you expect to see in the next 20 years with this kind of 
patient? I assume your patients are the same as ours. 

And then, what are you going to tell the cardiologist when you are 
dealing with this group? 

What do you expect in the long term? And, most importantly, what 
do you tell your patients when dealing with this kind of thing? 

And, finally, how are we going to deal with it in a political sense when 
quality assurance groups are looking at us and saying, you know, your 
mortality rate is higher than it was 10 years ago, and indeed it is? 


Dr. GILBERT CAMPBELL (Little Rock, Arkansas): The influence of 
hyperlipidemia in your study is at complete variance with a recent report 
that we participated in that appeared in the New England Journal of 
Medicine, in the October 4, 1990 issue. I’m alluding to the Program on’ 
the Surgical Control of Hyperlipidemia (POSCH). 

This study involved some 838 patients, one half of whom were controls; 
the other half had the distal ileal bypass to lower cholesterol. This pro- 
cedure is a proved effective means to lower cholesterol in the long term. 
All patients had a documented myocardial infarction before entry into 
the study and before randomization. All of them had the usual treatment 
with diet and/or drugs. 

Cardiovascular procedures, be it angioplasty, coronary artery bypass, 
peripheral vascular procedures, and so forth, were performed twice as 
frequently in those patients who were in the control group compared to 
those patients who had their hyperlipidemia significantly decreased by 
virtue of the distal ileal bypass (Buchwald procedure). 

The Program on the Surgical Control of Hyperlipidemias was set up 
approximately 20 years ago, At that time, distal ileal bypass was the best 
and most predictable means to lower cholesterol significantly. Our study 
was a prospective, unifactorial study concentrating on lipid levels, whereas 
your study was retrospective and multifactorial tending to mask the im- 
portance of hyperlipidemia on atherogenesis. 


Dr. GERALD M. LAWRIE (Closing discussion): I think we’re all very 
familiar with the excellent work from the Duke Data Registry. 

I had a slide of our cardiac death rate after surgery, and it was identical 
to the general United States population. So our surgical patients had 
about a 10% to 15% advantage over the medically treated patients in 
terms of cardiac death in our series. 

The issue of risk of operation is extremely important. It gets back to 
the whole issue of patient selection. I think we can only make those 
decisions based on data that gives us some feel for how much benefit 
the patient can get both early and later after operation compared with 
continuation of other treatments, which, of course, these days not only 
include medicine but also angioplasty. 

And it will be very interesting to see some of these randomized studies 


Vol. 213 «Ko. 5 


of angioplasty coming out. I think we’re going to be very pleasantly 
surprised by the results. 

In terms of who is sickest, I think with the use of endarterectomy, 
patients who really need these operations can undergo them in almost 
all cases trom a technical point of view. The two variables that we con- 
stantly are concerned about are, first, the risk of stroke, and second, bad 
cerebrovascular disease in our elderly patients. 

And the other group of those patients with severe congestive heart 
failure, very poor ventricles, and absence of angina, and in our experience, 
have done quite poorly. 

We get them through the surgery, and then 6, 12, 18 months later 
they die of congestive heart failure. And now that transplants are available, 
I think they may be better treated another way. 

But I think Dr. Jones has continued to raise a very important issue, 
which is that fixation should not be associated with perioperative mortality 
risk but rather with the potential for benefit to the patient. And when 
you're dealing with the sickest patients, often they achieve the highest 
benefit evan though the perioperative mortality risk may be a little higher. 
We all know that the healthiest patients are the ones who do best after 
any operation. 

Dr. McLaughlin. We’ve had a very similar experience. In fact we re- 
viewed this in some detail last year for a presentation at Dr. Jones’ seminar 
2t Duke. 

And our patient ages are almost identical. They’re about 63 or 64 
years of age. The interesting part is that we’re somewhat surprised to 
find that the quality of ventricle has not changed much. It’s still mainly 
60% to 70% reasonably good ventricle. We do see many more patients 
in unstable condition. We’ve had some increase in the female versus 
male population. 

Interestingly, in this study, male and female patients had an identical 
outcome throughout the duration of the study from time of operation 
to survivel follow-up. They had an identical survival curve, and that’s 
actually been our experience for a long time. 


I think the future is quite bright. The problems with the saphenous | 


vein graft are amenable to scientific investigation and are amenable to 
solution. We’ve been focusing on the role of the endothelium. The rec- 
ognition that the endothelium is a metabolically active structure that 
can be damaged or destroyed by vein--graft preparation is a very important 
concept. 

It produces prostacyclin, endothelial-dependent relaxing factors, var- 
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ious heparinlike substances, a whole list of good things the endothelium 
will produce if it’s intact. And we believe that these vein-graft athero- 
sclerotic changes probably start in the perioperative period with damage 
to the veins. 

As a result of our studies, we’ve changed from saline solution now to 
a balanced salt solution with 2.5 g of albumin per liter. And this has 
been demonstrated in our experiments to affect endothelial preservation. 
So I think the technical refinements will continue. 

And I think the other great problem we need to solve in these older 
patients is the issue of stroke. In these 75-, 80-, and 85-year-old patientss 
we're experiencing a 5% to 10% risk of stroke, which I think really does 
temper one’s enthusiasm for operation in patients who are reasonably 
stable. If this problem can be solved, I think that will help also. 

But I think the future is bright. And I think we’re going to see that 
until we find an actual cure for the disease of atherosclerosis, not just 
control of risk factors but the cause of the disease and then a cure. Me- 
chanical reconstruction of the circulation with new conduits is going to 
remain the only way to deal with extensive coronary disease because of 
the high rate of recurrent problems with all of the other methods of 
recanalization. 

As far as the Posch study is concerned, this is extremely interesting 
data. But the data in that study really relate to a group of people with 
hyperlipidemia. Based on our view of what is normal and what is ab- 
normal, most of our patients really didn’t have hyperlipidemia. 

The surgically treated population in all our studies behaved quite dif- 
ferently from the patients who were treated medically in terms of survival. 
In a way the operation appears to neutralize the risk of disease progression. 
There is no doubt that progression of coronary disease can be diminished 
by very intensive lipid control in severely hyperlipidemic patients. 

The controversy 1s-—and this is, I think, a national controversy—what 
to do with the patient who is reasonably healthy with a cholesterol level 
of 220 to 240? Should these people be subjected to lipid lowering? 

And there’s absolutely no shred of data anywhere, including the 
Framium study, that demonstrates any benefit for lipid lowing or lower 
lipid levels in patients older than 50 years. And there never has been a 
report demonstrating reduction in mortality rate from lipid lowering in 
any of the randomized studies of lipid lowering by medication. 

Although there may be apparent differences, I don’t think the differ- 
ences are very great because of the quite substantial differences in baseline 
populations. 
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Postoperative atrial fibrillation (AF) is a complication occurring 
in 11% to 36% of patients after cardiac operations, which results 
in increased morbidity and hospital costs. A new electrophysi- 
ologic screening test was developed to identify those patients at 
risk for development of postoperative AF. The test was validated 
in 50 patients (43 men and 7 women) with a mean age of 59.6 
+ 1.3 years who underwent coronary artery bypass grafting with 
or without other cardiac surgical procedures. After aortic and 
venous cannulation, but before initiation of bypass, the mid-right 
atrium was stimulated with a bipolar probe at 25 uA for 3 sec- 
onds. Alternating current was increased by 25 uA until AF was 
induced or up to a maximum of 200 uA. Postoperative AF oc- 
curred in 18 patients (36%), 17 of whom had inducible AF (sen- 
sitivity = 0.94). Of the remaining 32 AF-free patients, 13 had 
negative tests (specificity = 0.41). Age and sex were not factors 
affecting inducibility, although patients who developed AF were 
older than those who were AF free (63.6 versus 57.3 years, p 
= (0.02). Length of stay in the intensive care unit was longer for 
those with postoperative AF than for AF-free patients (3.6 versus 
1.9 days, p = 0.02). The negative predictive value of the test 
was 0.93, and the positive value was 0.47. These data show that 
this new intraoperative technique may be used to identify patients 
at risk for postoperative AF. Prophylactic therapy can therefore 
be directed to only those patients at risk for postoperative AF. 


TRIAL FIBRILLATION (AF) IS a common dys- 

rhythmia occurring in 11% to 36% of patients 

after cardiac surgical procedures.'* This com- 
plication may add to the morbidity and mortality rates 
of surgery and often results in increased hospital stay and 
patient costs. 

Many studies have assessed drug prophylaxis against 
the development of postoperative AF. Digoxin alone may 
decrease the incidence of AF'** but increases the likeli- 
hood of ventricular dysrhythmias.°*® Beta blockade has 
been effective in controlling AF after surgery with infre- 
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quent side effects.’~? The use of calcium channel-blockers 
for control of AF ts either frequently associated with sig- 
nificant side effects or is not successful in converting AF 
to sinus rhythm.'°'' The major clinical problem with 
prophylactic treatment of AF is that 60% to 90% of post- 
operative cardiac patients would be given medication un- 
necessarily. l 

Rather than prophylactically treat all patients for AF, 
it would be preferable to develop an intraoperative elec- 
trophysiologic test that could identify patients at risk for 
development of postoperative AF. Appropriate prophy- 
laxis could then be directed to this group, which would 
decrease cost and side effects of the therapy and also reduce 
the incidence of AF. The purpose of this study was to 
assess a new electrophysiologic screening technique to 
identify patients at risk for development of postopera- 
tive AF. 


Materials and Methods 


Fifty patients undergoing elective and urgent coronary 
artery bypass grafting with or without other cardiac pro- 
cedures performed by one surgeon at Duke University 
Medical Center were consecutively enrolled in the study. 
Patient clinical characteristics and preoperative medica- 
tions were recorded. Beta- and calcium channel-blocking 
drugs were continued until the morning before surgery 
but were withheld after operation unless required specif- 
ically for dysrhythmia treatment. 

After anesthesia and median sternotomy, patients un- 
derwent single-stage venous and ascending aortic can- 
nulation for cardiopulmonary bypass. Before the initiation 
of cardiopulmonary bypass, the mid-right atrial free wall 
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was stimulated through a hand-held bipolar probe for 3 
seconds using an alternating current of 25 uA. The current 
was increased by increments of 25 uA until AF was in- 
duced or until a maximum stimulating current of 200 uA 
was delivered. If AF was inducible, the test was considered 
to be positive, but if no AF developed using up to 200 
pA, a negative result was recorded. After surgery, patients 
were taken to the intensive care unit (ICU), where their 
limb lead II electrocardiograms (ECGs) were continuously 
monitored. On transfer to a step-down unit, ECGs were 
monitored continuously by telemetry until discharge. Ep- 
isodes of postoperative atrial fibrillation were considered 
to be significant only if they were sustained for more than 
30 minutes or resulted in hemodynamic instability re- 
quiring treatment. 


Statistical Analysis 


Results were analyzed using SAS Statistical Software 
(SAS Institute, Carey, NC). Continuous variables were 
assessed using unpaired Student’s t tests. Discrete variables 
were analyzed using chi square contingency tables or two- 
= tailed Fisher’s exact tests when cell numbers were less 
than 5. A probability value of less than 0.05 was consid- 
ered to indicate statistical significance. 


Results 


A total of 50 patients undergoing cardiac surgery by 
the senicr surgeon were consecutively enrolled into the 
study. The mean age of all patients was 59.6 + 1.3 years 


50 Patients 


36 Inducible (72%) 14 noninducible (28%) 


, | 


T17 postop AF 1 postop AF 
47% 7% 


FIG. 1. Thirty-six patients had inducible sustained or nonsustained atrial 
fibrillation at the time of operation. Of these 36 inducible patients, 17 
developed postoperative atrial fibrillation requiring therapy. Fourteen 
patients had noninducible intraoperative atrial fibrillation and only one 
developed postoperative atrial fibrillation. Therefore the positive pre- 
dictive value of the test is 0.47 and the negative predictive value of the 
test is 0.93. If prophylactic therapy was directed only toward those who 
were inducible during operation, then only 38% of inducible patients 
would receive prophylactic therapy unnecessarily. However, if prophy- 
lactic therapy was given to all patients, then 64% would have received 
postoperative prophylactic therapy unnecessarily. 


INTRAOPERATIVE SCREENING FOR AF 
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TABLE |. Patient Characteristics when Grouped According to 
Intraoperative Inducibility of Atrial Fibrillation 


Noninducible Inducible 
N 14 36 
Age (yrs) 56.6 + 2.5 60.7 + 1.5 
Ejection fraction (%) 38.5 + 2.3 45.0 + 2.0 
Cross-clamp time (mins) 32.9 + 4.2 31.0 + 2.2 
Length of stay (days) 9.8 + 0.7 10.4 + 0.7 
Postoperative AF I 17 


Mean + SEM. 
Postoperative AF, postoperative atrial fibrillation. 


(range, 35 to 78 years), with seven women and 43 men. 
All patients underwent coronary artery bypass grafting, 
but there were 12 patients who had additional procedures 
including: left ventricular (LV) aneurysmectomy + en- 
docardial resection (n = 9), aortic valve replacement (n 
= |), and Wolff-Parkinson White syndrome (WPW) 
pathway ablation (n = 2). Except for three patients, all 
were receiving either 6-blockers (n = 35) or calcium 
channel-blockers (n = 43) before surgery. There was no 
correlation between preoperative medication and induc- 
ibility of AF or incidence of postoperative AF. The mean 
ejection fraction was 43.3 + 1.7%, with a range of 20% 
to 66%. Patients undergoing only coronary bypass had an 
average of 4.0 + 0.04 grafts, with the cross-clamp being 
31.5 + 2.0 minutes. Total bypass time was 111.7 + 6.2 
minutes. The mean length of stay in the ICU for all pa- 
tients was 2.5 + 0.3 days, with an overall hospital stay of 
10.2 + 0.6 days. 

Using the screening test for AF, a total of 36 patients 
(72%) were inducible during operation. In the postoper- 
ative period, 18 patients developed AF (36%). The first 
episode of AF occurred on the 2.3 + 0.6 postoperative 
day. All patients were treated with medications initially, | 
with three requiring cardioversion before discharge. Of 
32 patients who did not develop postoperative AF, 13 had 
a negative test (7.¢., specificity = 0.41). Of the 18 patients 
who developed postoperative AF, 17 had a positive test 
(i.e., sensitivity = 0.94). The negative predictive value of 
the test was 0.93, and the positive predictive value was 
0.47 (Fig. 1). 

When comparing the patients according to inducibility 
of AF, there were no differences in age, ejection fraction, 
cross-clamp time, or length of stay in hospital (Table 1). 
In the patients who developed AF after operation, how- 
ever, age was significantly greater compared with those 
without AF (63.6 versits 57.3 years, respectively; p = 0.02), 
and the length of stay in the ICU was longer (3.6 versus 
1.9 days; p = 0.02). There was one death, in a 56-year- 
old man who required bypass grafting and LV aneurys- 
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Discussion 


The actual incidence of AF complicating the postop- 
erative course after cardiac surgery varies in different series 
from 11% to 36%.':!?-'4 The wide range in frequency of 
AF may be explained by differences in how patients are 
monitored after operation, what constituted a reportable 
episode of AF and difficulty in distinguishing one supra- 
ventricular tachyarrhythmia from another. Valve surgery 
is more likely to result in postoperative atrial dysrhythmias 
than coronary artery bypass procedures.'~’° In the present 
study, all patients underwent coronary artery bypass 
grafting + other cardiac procedures, with 36% of patients 
developing postoperative AF. . 

Despite the large number of series assessing postoper- 
ative AF, no clear risk factors have been identified.! Older 
patients mav be more susceptible to AF,!*'!? which was 
confirmed by the results of this study. Initially the with- 
holding of 6-blockers before operation was thought to 
contribute to a postoperative withdrawal syndrome, which 
included the development of atrial dysrhythmias. This 
concept has been disproven, however, when assessed in 
a prospective manner.*!®!%!820 Some authors have sug- 
gested that the frequency of postoperative. AF increases 
with longer aortic cross-clamp times,'”'® whereas others 
can identify no such relationship.?'** Cross-clamp time 
was not a significant factor in the development of AF in 
the present study. Irritation of the atria during surgery 
may be a factor in increasing risk of AF,°*! as may be 
inadequate atrial preservation.” 24 

Because AF is considered a preventable problem, nu- 
merous studies assessing prophylactic drug therapy have 
been performed. Digoxin has been shown to be useful in 
preventing postoperative AF,'** although the incidence 
of ventricular dysrhythmias may be increased by di- 
goxin.”° Beta-blockers have been used widely with mixed 
success in controlling AF,277!%!3:!4!02526 with a low in- 
cidence of side effects.2?’ Calcium channel-blockers-have 
been found to effectively control the ventricular response 
rate, but are less likely to result in conversion of the patient 
to sinus rhythm! S? and are associated with frequent 
side effects. '° 

Although postoperative AF rarely leads to catastrophic 
outcomes, it frequently leads to patient anxiety or dis- 
comfort and may result in longer hospital stays.” In the 
present study, the length of stay in the intensive care unit 
was significantly prolonged by an average of 1.7 days in 

patients with AF. In addition cerebrovascular accidents 
=- are more frequent in patients with postoperative AF.*! 
For these reasons and the fact that high-risk patients can- 
not be identified by preoperative clinical characteristics, 
a new electrophysiologic test was designed to assess during 
operation the risk for postoperative AF. 
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The test is simple to perform and adds only 2 to 3 
minutes to the operating room time. The results show 
that it has a high sensitivity, resulting in few missed pa- 
tients who develop AF. It has a moderate specificity, which 
will lead to a significant number of false-positives. If pro- 
phylaxis was to be applied to just the patients with positive 
tests, however, then only 38% of patients would receive 
prophylaxis unnecessarily, compared with 64% if no 
screening test was used and all patients were treated. 

In summary these data indicate that postoperative AF 
is a common complication of cardiac surgery that leads 
to increased time spent in the ICU. A simple, quick test 
to assess AF inducibility may be useful to identify patients 
in whom prophylactic treatment could be directed. The 
benefits may include a decrease in drug usage and resulting 
side effects, a shortened ICU stay, and decreased hospital 
costs, while qualitatively improving patient recovery. 
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DISCUSSIONS 


DR. FRED CRAWFORD (Mt. Pleasant, South Carolina): I would like 
to commend Dr. Lowe and his coauthors for this attempt to clarify a 
topic that has been discussed at some length over the years without definite 
conclusions being reached. 

As the authors indicate, atrial fibrillation commonly occurs after cardiac 
surgical procedures. While it is a nuisance and without serious conse- 
quences in many patients, it can produce morbidity and, as the authors 
indicate, may prolong the stay in the intensive care unit and in the hos- 
pital. 

Because of the frequent occurrence of this problem, many authors 
have tried to address it with either retrospective or prospective studies. 
In fact there are available in the literature both prospective and sometimes 
randomized studies to support virtually any position one would like to 
take insofar as the administration of various drugs before and after op- 
eration to prevent atrial fibrillation. 

Certainly all of our patients would be well served if a simple test such 
as that described by the authors were available that would prospectively 
select out those at higher risk for the development of AF after operation 
so that they might be appropriately medicated, and at the same time 
allow the avoidance of medication for those at low risk. 

The study by Lowe and colleagues attempts to do this. I have several 
questions of the authors. 

First how did you decide on an upper limit of 200 microamps for 
your atrial stimulation? 

Have you looked at your data to see if stimulation at a lower level 
would weed out many of the false positives, thus producing a higher 
predictive value? 

If the tests were consistently successful in predicting a group at higher 
risk for atrial fibrillation, what would be your current drug of choice for 
prophylaxis against this development? 

And, finally, have you applied the test prospectively and combined it 
with your drug of choice to see if the postoperative incidence of atrial 
fibrillation in your patients can be decreased? 


Dr. JOHN HAMMON (Nashville, Tennessee): I congratulate Dr. Lowe . 


and his colleagues on a study that attempts to solve a very vexing problem 
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for cardiac surgeons. That is the routine coronary patient who seems to 
be doing well, develops atrial fibrillation, and then develops a stroke or 
a low-cardiac-output peripheral embolism. This is truly a serious problem 
in our experience and the experience of others. I think Dr. Lowe’s iden- 
tification of these patients brings forward a new way of looking at this 
problem, which, in our experience is very valuable. 

We performed a study several years ago in which we randomized a 
group of patients to receive propranolol after the operation immediately 
on arrival to the intensive care unit for the control of atrial and ventricular 
arrhythmias and found that this drug was very valuable in doing this. 
However in many of our patients who were older or sicker with bad 
ventricles, the propranolol dosage could not be adjusted to levels where 
prophylaxis could be induced. And therefore if we could identify a higher- 
risk group of patients, perhaps, better drug regimens could be recom- 
mended for this group of patients. 

I have one question regarding the study. I think in our own experience 
in inducing ventricular fibrillation and measuring fibrillation and defi- 
brillation thresholds in the operating room, we found that during the 
time of induction of anesthesia, during the time of cannulation for car- 
diopulmonary bypass, and immediately after cardiopulmonary bypass, 
these thresholds can be altered, perhaps by increased levels of plasma 
epinephrine, and norepinephrine, which have been measured in our lab- 
oratories. I was wondering if Dr. Lowe would comment on this feature. 

Also I wonder if the large group of patients who were positive in his 
study might have been influenced by the rather heterogeneous group of 
patients he studied, rather than taking a group of patients purely with 
coronary disease. 


Dr. JAMES E. LOWE (Closing discussion): Dr. Crawford we chose 200 
microamps in this initial protocol as the upper limit of stimulation because 
of the tremendous safety margin required with the use of alternating 
current. As you implied, patients who developed intraoperative atrial 
fibrillation at lower stimulating currents were indeed more likely to de- 
velop postoperative atrial fibrillation. In other words, those who went 
into AF in the operating room, either sustained or nonsustained, at 75 
to 100 microamps had a 70% incidence of postoperative AF. However, 
if we did not include those patients who were stimulated up to 200 


. microamps, we would have missed a number of patients who developed 
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postoperative AF and therefore had some false-negative intraoperative 
studies. The crux of the matter is that if you stimulate with too high a 
level of alternating current, you will increase the number of people who 
are placed in the at risk group. However if you don’t stimulate with high 
enough amounts of alternating current, you will have a false sense of 
security in the negative group. 

Obviously we will learn more in the future by applying this protocol 
to large numbers of patients. We do plan a prospective study that will 
allow us to direct prophylactic therapy after operation to all patients 
who had inducible AF during operation. We hope that we might be able 
to reduce the incidence of postoperative AF in our unit from 36% to 5% 
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to 10%. We believe that applying prophylactic therapy to those patients 


at risk for atrial fibrillation will significantly reduce total hospital costs 


and eliminate the morbidity resulting from perioperative AF. As for the 
drug of choice, we are still undecided. We probably will use intravenous 
procainamide administered just before discontinuation of cardiopul- 
monary bypass with subsequent postoperative digitalization in those pa- 
tients who have no ventricular arrhythmias. aa 

Dr. Hammon suggested that there are variations at different points in 
time in AF thresholds. I believe that he is exactly night. The threshold 
may depend on circulating catecholamines and the amount of irritation 
to the atria at the time of cannulation. 
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i 


Orthotopic cardiac transplantation has been performed in 15 
consecutive neonates and children since 1987. Diagnoses include 
hypoplastic left heart syndrome (5 patients), critical aortic ste- 
nosis with small left ventricle (1 patient), complex cyanotic heart 
disease (6 patients), and cardiomyopathy (3 patients). Twelve 
patients survived operation and have been followed from 1 to 45 
months. Patients less than 6 years of age are managed with cy- 
closporine + azathioprine; in older patients steroid weaning is 
attempted. Monitoring for rejection is performed with serial 
echocardiography in patients under 6 years of age; older patients 
undergo serial biopsies. Actuarial freedom from rejection was 
26% 3 months after operation; 47% were free of infection 6 
months after operation. There have been no late deaths. Actuarial 
survival at 3 years is 79%. Nine patients have undergone post- 
operative catheterization. Resting hemodynamics were normal 
in every patient. All long-term survivors are asymptomatic and 
fully active. It is concluded that cardiac transplantation in neo- 
nates and children is an effective treatment option for end-stage 
cardiomyopathy or otherwise incurable congenital heart disease. 
Long-term survivors have excellent potential for full rehabili- 
tation. 


ARDIAC TRANSPLANTATION HAS gradually 

evolved from consideration as an experimental 

procedure in 1968 to a well-established thera- 
peutic modality in 1990. It has become an accepted form 
of treatment for adults with end-stage cardiomyopathy 
with no alternative standard medical or surgical treatment 
options. In recent years the addition of cyclosporine to 
the immunosuppressive regimen has lead to a decrease 
in the number of episodes of rejection and infection, and 
this drug has improved both the length and quality of life 
of adult patients after transplantation.’ 
_ Cardiac transplantation in infants was introduced in 
December 1967, when Kantrowitz” performed a heart 
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transplant in a 3-week-old infant with tricuspid atresia. 
Very few transplants were performed in children 
throughout the 1970s. At Stanford University transplan- 
tation in children was initiated in December 1980. The 
use of cyclosporine, as well as improved recipient selec- 
tion, has improved the survival rate of children undergoing 
cardiac transplantation such that the long-term results are 
comparable to those found in adults.° l 

In 1985 neonatal transplantation was introduced by 
Dr. Leonard Bailey* at Loma Linda University Medical 
Center as a treatment óption for infants with the uniformly 
lethal hypoplastic left heart syndrome. 

Cardiac transplantation in neonates and children differs 
significantly from cardiac transplantation in adults. 
Unique considerations include the complex congenital 
anatomic abnormalities of the recipient and the require- 
ment that steroids be minimized to prevent growth arrest. 
Furthermore monitoring rejection with serial endomyo- 
cardial biopsies is more difficult and more dangerous in 
small children. 

This report summarizes our experience with orthotopic 
cardiac transplantation in 15 consecutive infants and 
children at Vanderbilt University Medical Center. 


Materials and Methods 


From February 1987 through October 1990, 15 con- 
secutive infants and children underwent orthotopic car- 
diac transplantation. All patients except one were 16 years 
of age or less and had complex congenital heart disease 
or cardiomyopathy. The diagnoses were hypoplastic left 
heart syndrome (5 patients), critical aortic stenosis with 
a small left ventricle (1 patient), complex cyanotic heart 
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disease (5 patients), and idiopathic cardiomyopathy (3 
patients). One additional patient 20 years of age had con- 
genitally corrected transposition of the great arteries. Each 
patient with cyanotic heart disease had undergone at least 
one previous operation (Table 1). 

Neonates with hypoplastic left heart syndrome were 
managed with continuous low-dose prostaglandin E;.in- 
fusion to maintain ductal patency and systemic perfusion. 
As indicated neonates were also maintained in a low-ox- 
ygen environment (fraction of inspired oxygen [F10] 
< 0.21) to balance the systemic and pulmonary vascular 
resistances and to prevent florid pulmonary edema from 
excessive pulmonary blood flow. Other patients were 
managed with mechanical ventilation and inotropic sup- 
port before operation as necessary. The mean time on the 
waiting list before operation was 29 + 28 days (standard 
deviation [SD]) (range, 2 to 94 days). At the time of op- 
eration, 11 patients were United Network for Organ 
Sharing (UNOS) status 1 and four were UNOS status 2. 

All patients underwent orthotopic cardiac transplan- 
tation. In the five patients with hypoplastic left heart syn- 
drome, deep hypothermia and circulatory arrest technique 
was used. All other patients underwent transplantation 
using moderate hypothermia and cardiopulmonary by- 
pass. Recipients and donors were matched with respect 
to body weight and ABO blood group compatibility. Do- 
nor cardiac protection was performed with a single dose 
of crystalloid cardioplegia and immersion of the donor 
heart in ice-cold Ringer’s lactate. Cardiac protection at 
the time of implantation was aided by both topical and 
intracavitary cooling during the performance of the var- 
ious anastomoses. The graft ischemia time was a mean 
of 203 + 53 minutes (range, 79 to 263 minutes). 

Before operation patients were given cyclosporine (5 
to 10 mg/kg), depending on renal and hepatic function. 
Azathioprine (2 mg/kg) also was administered intrave- 
nously. At the time of aortic cross-clamp release, meth- 
ylprednisolone (7.5 mg/kg) was administered. After op- 
eration three doses of methylprednisolone (3.5 mg/kg) 


TABLE 1. Previous Operations in Patients with Cyanotic Conditions 
Diagnosis Previous Operation 


TGA, IVC obstruction Mustard 


TGA, VSD, SVC Mustard, VSD 
obstruction 
Corrected TGA VSD 
_ Single ventricle, LSVC Coarc, Band, B/T, B-Hanlon, A-P 
“Window 


B/T, Mod B/T, B-Hanion 
B/T, Mod B/T (2), Central, B-Hanlon 


Single ventricle, malposed 
Pulm atresia, IVS 


TGA, transposition of the great arteries; IVC, inferior vena cava; VSD, 
ventricular septal defect; SVC, superior vena cava; LSVC, left superior 
vena cava; IVS, intact ventricular septum; Coarc, coarctation; B/T, Blal- 
ock-Taussig shunt; B-Hanlon, Blalock-Hanlon; A-P, aortopulmonary; 
Mod, modified. 
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were administered every 8 hours. After operation cyclo- 
sporine was administered, beginning at approximately 10 
mg/kg/day. Whole-blood cyclosporine levels, as deter- 
mined by high-pressure liquid chromatography, were 
maintained at approximately 200 ng/mL for the first 6 
months. Neonates and children received azathioprine 1 
to 2 mg/kg/day to maintain a white blood cell count of 
approximately 5000/mm?. No prednisone was adminis- 
tered to the neonates routinely. The older children re- 


_ ceived prednisone (0.8 mg/kg/day), which was tapered to 


0.2 mg/kg/day by 6 weeks after operation and was even- 
tually discontinued in all patients less than 6 years old. 

In children older than 6 years of age, the diagnosis of 
allograft rejection was made by serial cardiac biopsy. The 
hallmark of rejection requiring treatment was myocyte 
necrosis. Neonates and children younger than 6 years were 
followed for rejection by clinical criteria and serial echo- 
cardiography only, a system developed jointly with Loma 
Linda University Medical Center. The echo indices in- 
dicative of rejection in neonates included detailed analysis 
of left ventricular wall mass and volume. 

Hospitalized patients with allograft rejection were 
treated with intravenous methylprednisolone (250 mg 
twice a day or 15 mg/kg/day) for 3 days. Repeat biopsies 
or echocardiograms were performed 48 to 72 hours after 
completion of therapy to determine response to treatment. 
A second course of methylprednisolone was given if re- 
jection was ongoing or if an independent second episode 
of rejection occurred. If a third episode of rejection oc- 
curred, rabbit antithymocyte serum was administered in- 
travenously for 7 days at a dose of 0.2 mL/kg/day, and 
circulating T cells were monitored with the dosage ad- 
justed to keep the total T cells less than 10%.° Two teen- 
agers had persistent or recurrent rejection episodes and 
received a course of methotrexate, and one received a 
course of vincristine. 

Outpatients who had documented rejection episodes 
were treated with an increase in the oral prednisone dose, 
which was then tapered over approximately 1 week. Fol- 
low-up evaluation with repeat biopsy or echocardiography 
was obtained to determine the response to treatment. 

Actuarial curves were computed by the method of 
Kaplan-Meier and compared by the method of Gehan.®’ 
Linearized rates, expressed as events/100 patient-days, and 
calculated on a cumulative basis, were compared using 
the maximum-likelihood test ratio.® 


Results 


Fifteen consecutive patients have undergone orthotopic 
cardiac transplantation. Two of the five patients with hy- 
poplastic left heart syndrome died in the operating room. 
One child had a severely hypoplastic right pulmonary ar- 
tery and minuscule anomalous pulmonary veins detected 
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only at the time of cardiectomy. This patient died of donor 
right ventricular failure. Another patient died of left ven- 
tricular failure caused by technical problems with the aor- 
tic anastomosis that resulted in residual aortic narrowing. 
One of the six patients with complex cyanotic heart disease 
died | week after operation of right ventricular failure 
thought to be due to persistently elevated pulmonary vas- 
cular resistance. The hospital stay after operation was 29 
+ 22 days (range, 13 to 89 days). 

There have been no late deaths. Actuarial survival at 
36 months is 79 + 11% standard error of the mean and 
is the same as in our adult heart transplant recipients (Fig. 
1). Follow-up ranges from 1 to 45 months and is complete 
and timely in all patients. 

The linearized rejection rate (events per 100 patient- 
days) was 1.4 and 0.67 at 1 and 3 months after operation, 
respectively. When compared with the adult patients, the 
linearized rejection rates were similar (Fig. 2). Actuanially 
at 1 month after operation, 62% of children were free 
from rejection, and only 26% were free from rejection 3 
months after operation. A similar trend was noted in the 
adult patients (Fig. 3). 

Infectious complications were due to bacterial, viral, 
and protozoan causes. There were no instances of fungal 
infection noted. A total of 20 episodes of infection oc- 
curred. These included four pulmonary infections, four 
urinary tract infections, three blood-borne infections, one 
episode of central line infection, one episode of medias- 
tinitis, and seven other episodes. All patients recovered 
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from their infections without significant residual prob- 
lems. 

An actuarial analysis of the percentage free from in- 
fection indicates that 85% of children were free of infection 
at 1 month after operation, and 47% were free of infection 
6 months after operation. The actuarial curves for freedom 
from infection are similar for children and adults (Fig. 4). 

Serum creatinine, blood urea nitrogen (BUN), and cre- 
atinine clearances were determined serially. In most ne- 
onates and children, these values were stable during the 
course of follow-up with minimal evidence of declining 
renal function. At the most recent follow-up, the mean 
BUN was 19.8 + 6.7 mg/dL, the mean creatinine was 1.0 
+ 0.38 mg/dL, and the mean creatinine clearance was 81 
+ 48 mL/min/m?. 

Hypertension significant enough to warrant treatment 
was noted at most recent follow-up in 6 of the 12 long- 
term survivors. All of the children with hypertension are 
greater than 6 years of age and are still receiving corti- 
costeroids as part of their immunosuppressive regimen. 
These patients were treated with either calcium channel- 
blockers or acetylcholinesterase inhibitors or both. In all 
instances excellent blood pressure control was obtained. 

Three patients have each undergone three yearly follow- 
up cardiac catheterizations, one patient has undergone 
restudy at both | and 2 years after operation, and five 
additional patients have undergone follow-up study 1 year 
after operation. In all patients graft function is normal at 
rest. Only minor gradients have been detected across ar- 
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terial anastomoses, and no coronary artery disease has 
been noted. 

All of the 12 long-term survivors are doing well and 
have no significant residual problems. No patient has 
symptoms related to cardiac transplantation. All are fully 
active and carrying out normal activities for their age. 


Discussion ' 


Heart transplantation in neonates and children has 
evolved into an accepted therapeutic modality for complex 
_ congenital heart disease and for end-stage cardiomyopathy 
when there are no medical or surgical treatment alter- 
natives. Transplantation in young patients has gained ac- 
ceptance due to improved immunosuppression and due 
ta results that are comparable to those found in the adult 
experience. Pennington et al. have noted the rapid rise in 
the number of children undergoing heart transplantation.’ 

One of the major concerns in young children with heart 
transplants is the possibility of growth retardation. '? Ste- 
roids have been implicated in retardation of skeletal 
growth.!! Because of this potential problem, efforts have 
been extended to wean patients off steroids or to switch 
to an alternate-day steroid regimen in an attempt to min- 
imize growth retardation.! It has been postulated that the 


newborn child may be the best possible recipient of organ 
transplantation because host immune responses are less 
aggressive and more easily controlled when transplanta- 
tion is accomplished shortly after birth. It may be possible 


- to sustain children who underwent heart transplantation 


as neonates with minimal immunosuppression, including 
the absence of steroids. !? 

Special problems are posed by the small size of neonates 
and young children with regard to the diagnosis of cardiac 
rejection. It is not feasible to perform frequent biopsies 
in infants and small children because of their small size 
and the need for anesthesia.'* Nonetheless these young 
patients require frequent monitoring of rejection. In our 
experience the rate of rejection in children is similar to 
that in adults. Rejection is most frequent in the first several 
months after transplantation, but the need for monitoring 
rejection remains constant. 

None of the neonates who have been followed for re- 
jection by noninvasive echocardiographic criteria have 
died from untreated rejection. In this experience there 
has not been a higher frequency of treatment for rejection 
than in other series of children and adults followed by 
serial endomyocardial biopsy. The use of a multifactorial 
computer-assisted analysis of left ventricular volume, 
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mass, contraction, and relaxation parameters has been 
largely responsible for the success of this noninvasive ap- 
proach to the diagnosis of rejection. 

Linear growth was achieved in all eight surviving ne- 
onates and children less than 6 years of age by the exclu- 
sion of prednisone from their immunosuppressive regi- 
mens. These patients have been treated with cyclosporine 
and azathioprine. In patients transplanted as neonates, 
azathioprine is discontinued after the first year. Thus far 
it seems that satisfactory and effective immunosuppression 
can be achieved in neonates and younger children without 
prednisone. 

Orthotopic cardiac transplantation is technically fea- 
sible in neonates and small children even in the face of 
complex congenital cardiac abnormalities. In many pa- 
tients with complex lesions and with functioning systemic 
to pulmonary artery shunts, accurate assessment of pul- 
monary vascular anatomy and resistance may be difficult. 
Distortion of pulmonary anatomy and elevation of pul- 
monary vascular resistance remain significant risk factors 
after operation.'° 

Thus far in our experience graft function has been fol- 
lowed only up to 3 years with consecutive annual cardiac 
catheterization. In all patients graft function at rest has 
remained normal. There has been no evidence of signif- 
icant stenosis across the arterial anastomoses. Graft ath- 
erosclerosis has not been encountered. 

In conclusion orthotopic cardiac transplantation in ne- 
onates and children is an effective treatment option for 
end-stage heart disease or otherwise incurable congenital 
heart disease. In properly selected patients, the periop- 
erative mortality is low. There is excellent potential for 
full rehabilitation in the long-term survivors. Thus far 
these data, plus those presented by others, seem to indicate 


DISCUSSIONS 


Dr. TIMOTHY GARDNER (Glyndon, Maryland): One of the most ex- 
citing developments in the field of heart transplantation has been the 
realization that this therapy can be applied to children. These excellent 
data from Vanderbilt and clinical results from other transplant centers 
are making this point clear. It’s also very gratifying to realize that patients 
with the otherwise untreatable or poorly treated entity of hypoplastic 
left heart syndrome may also be a target group for this therapy. 

The experience at Johns Hopkins in the last several years parallels the 
results just presented by Dr. Merrill, with a couple of minor excepticns. 
Of our 14 patients who have had heart transplants—and there were 
several others that had heart-lung transplantation—nine of the patients 
had cardiomyopathies. The favorable experience in these patients who 
tend to be a bit older is not very surprising. There were many teenagers 
early on with cardiomyopathies, in the Stanford series and although they 
do present somewhat different considerations in the long term, this isn’t 
the subgroup of young patients that creates the excitement. 

It is the younger children, the infants, especially those who have hy- 
poplastic left heart syndrome as well as those who have otherwise un- 
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that cardiac transplantation in children should continue 
to be approached with cautious optimism. 
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correctable congenital defects for whom heart transplantation is so unique. 
Our experience at JHH has been exclusively with children having hy- 
poplastic left heart syndrome. 

We have not yet undertaken transplantation, at least heart transplan- 
tation, to treat children with complex and otherwise incurable congenital 
heart defects. Our survival data is very similar to that presented by Dr. 
Merrill. We have a 79% late survival rate, with two deaths in the car- 
diomyopathy group, while one of the five patients with the hypoplastic 
left heart syndrome have died. 

Three of our five hypoplastic left heart syndrome patients had un- 
dergone stage 1 Norwood repair, had developed ventricular failure and 
were accepted for transplantation at that point. 

We had two early deaths. Both of these two patients were moribund 
at the time of surgery. One late death occurred in an older child with 
cardiomyopathy who had persistent severe rejection, and had early 
changes of coronary artery disease in the grafted heart. 

Our long-term management also includes cyclosporine and imuran. 
We attempt to taper or wean steroids, decreasing the dose during the 
first year. We have attempted frequent follow-up surveillance, but of 
these patients are not from our immediate geographic area and require 
follow-up by their pediatricians, which has generally been successful. As 
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opposed to the Nashville group and to the experience at Loma Linda, 
we have tried to perform regular late biopsies to assess rejection, even 
in the younger children. This point leads to my first question to Dr. 
Merrill. 

I’m especially interested in your initial or preliminary experience with 
the young children who do not haved regular biopsies. And I wonder if 
there may be a role for a prospective study of this approach. 

Even though logistically it’s difficult to put these young children through 
the same myocardial biopsy schedules, wouldn't it be better to study this 
group early on to ensure that one is not missing serious rejection or, 
alternatively, not overtreating these children especially with high-dose 
steroids? 

My second question regards the management of neonates with hy- 
poplastic left heart syndrome. What are inclusion criteria for transplan- 
tation of these infants? Who do you consider suitable for heart trans- 
plantation? Is there still a role for so-called compassionate care to these 
children? Many people question whether they should be treated at all. 
Are you attempting any staged Norwood repairs, and how do you decide 
among the various therapeutic options? . 

This is an exciting presentation, and we look forward to more follow- 
up from vour group and from others doing this surgery. 


DR. WILLIS WILLIAMS (Atlanta, Georgia): I rise to compliment the 
Vanderbilt group not as a pediatric heart transplant surgeon but rather 
as an admiring and very grateful pediatric cardiac surgeon and a referring 
physician. 

Could I have the slide? This now-famous photograph of Dr. Leonard 
Bailey from the Loma Linda Medical Center with several of his grateful 
patients stimulated interest in orthotopic cardiac transplantation as an 
alternative of care for the hypoplastic left heart syndrome. 

It can’t help but amaze us all that every infant in this photograph has 
an orthotopic heart transplant and all but one or two were placed for 
the hypoplastic left heart syndrome, a disease that has plagued pediatric 
cardiologists and has in many cases been treated by so-called compas- 
sionate care, simply lack of care, because the prognosis was so poor. 

Three years ago we were fortunate to have Dr. Kirk Kanter join us 
on the Emory faculty with a special interest in transplantation. He was 
appointed the director of the transplantation service and had a special 
interest in congenital heart disease. He came just in time for me because 
a number of my patients managed over the years had really reached 
virtually the end of the road. 

I had operated on this young man on the right nine times, beginning 
as an infant with pulmonary artery banding and then multiple attempts 
to repair a complicated defect, progressing finally through a series of 
pacemakers and pacemaker revisions after multiple attempts to repair 
the intracardiac anatomy. 

This young man really had reached a state of profound depression, 
was absolutely moribund, and had lost his will to live. Following ortho- 
topic cardiac transplantation, the remarkable change simply impressed 
me to a point that I have not yet been able to believe the remarkable 
recovery that can be made in children who I would otherwise have judged 
inoperable for any procedure. 

Six months after the heart transplant, I saw this young man, my former 
patient, running up the street in front of the hospital in a sweat suit; he 
was jogging around the hospital. He had come back for one of his check- 
ups and was simply doing his-physical workout for that day. 

Now this young girl on the right with her sister had a Fontan operation 
after three previous systemic arterial-to-pulmonary-arterial shunts. The 
Fontan operation would have to be judged a failure by any criteria; she 
was in profound right heart failure with an enormous liver and ascites 
and peripheral edema. After orthotopic cardiac transplantation, she made 
a dramatic and rapid recovery and is asymptomatic. 

When dealing with these small numbers, I believe that smiles and the 
condition ‘of life for these children tell a great deal more than Kaplan- 
Meier survival curves or a Cox regression analysis. 

I’m struck by the similarity of the numbers at the various institutions. 
Dr. Kanter and his colleagues at Emory have performed 13 cardiac 
transplantations in infants and children, with one in-hospital death and 
one late, sudden, unexplained death several months after the transplan- 
tation. 
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The other 11 children remain alive and well on minimal immuno- 
suppressive therapy and with data that parallels very closely that described 
by Dr. Merrill and also by the experience at The Johns Hopkins Hospital. 

This final slide illustrates the range for which this wonderful operation 
appears to have potential. On the right is the oldest of the Emory trans- 
plant recipients, a prominent Atlanta businessman, who continues to be 
one of the most avid supporters of the American Heart Association and 
an important fund-raiser in our community. 

Being held by the mother is our youngest transplant recipient, an 
infant with the hypoplastic left heart syndrome for whom this operation 
remains life saving. 

My questions for Dr. Merril] are simple. 

First, Dr. Merrill, 1 would like to know, as indicated by Dr. Gardner, 
your philosophy of management for the hypoplastic left heart syndrome. 
Our management at Emory includes the offering to all parents of either 
the possibility of a heart transplant or, if no donor becomes available 
within 2 weeks, the initiation of the first-stage Norwood operation. 

Unfortunately relatively few donors becomes available and, therefore, 
more of our patients with the hypoplastic left heart syndrome are still 
treated by the Norwood principles. 

My final question relates to your selection of patients for ‘bail-out,’ 
as I would refer to it. How do you select the patients in whom other 
complex management procedures for congenital heart disease have failed. 

The problem that we have confronted on many occasions is that of 
elevated pulmonary vascular resistance and the ability to distinguish it 
from elevated pulmonary venous pressure, left atrial pressure, and left 
ventricular failure, which, of course, would benefit from the transplan- 
tation of a new heart, in contrast to those children with pulmonary vas- 
cular obstructive disease, who would require heart-lung transplantation. 

Do you have a protocol for the distinction of these two very important 
groups? 


Dr. RONALD BUSUTTIL (Los Angeles, California): I’m a bit puzzled 
by your observation of long-term, good renal function. As you know, 
the Stanford group, in a predominately adult population, has shown a 
deterioration of renal function over time. 

In our own experience in liver transplantation, we’ve recently reviewed 
our first 100 pediatric liver cases and found that only 15% of the patients— 
if you measured true GFR-—had a normal GFR. 

I wonder, first, what are you doing to maintain your cyclosporine 
levels and what levels are you trying to achieve? 

And, second, are you using any other agents to perhaps combat the 
nephrotoxicity that is clearly a penalty that we pay with cyclosporine? 

We currently have a trial of using prostaglandins as an adjunctive 
measure to cyclosporine to see if we can decrease this. 


Dr. WALTER H. MERRILL (Closing discussion): First, with regards to 
what Dr. Gardner had to say, he did make a comment about the problems 
of teenagers. And I think this is something that was not addressed in the 
presentation. But it’s certainly a difficult age group to work with. 

Our experience and that of many others is that teenagers, after a while 
when they’re doing fine, have a tendency to stop coming to the doctor, 
to stop taking their medicines, and to engage in various practices that 
we would consider unhealthy for a heart transplant recipient. A great 
challenge awaits us in trying to discover how we might better take care 
of these teenagers and try to convince them to continue very scrupulous 
follow-up in medical care. 

With regard to the assessment of rejection, I did not go into this in 
the presentation. But we do follow the younger children purely with 
echocardiographic assessment on a repeated basis. As Dr. Gardner al- 
luded, there are certainly technical and other difficulties associated with 
the performance of multiple biopsies in these small children. 

Thus far we’ve been very gratified with a scoring system developed 
jointly between our pediatric cardiologists and those at Loma Linda 
University Medical Center. I would only say that the incidence of rejection 
in these young people, as we have determined it by echocardiography, 
has been essentially the same as the incidence of rejection in these young 
patients detected in other centers by repeated biopsies. 
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And we can also say that no patient has died of rejection. So I think 
we have at least some success in the repeated evaluation of the presence 
or absence of rejection using echocardiography alone. 

With regards to the care of patients with hypoplastic left heart syndrome 
and their selection for operation, it has been our policy in recent years 
to offer the option of heart transplantation to all children with hypoplastic 
left heart syndrome who did not have definite contraindications to the 
operation. 

We have used the option, or at least considered the option, of perfor- 
mance of a Norwood procedure if the child had significant deterioration 
and a donor was not available. But to this point, at least, we’ve been 
very fortunate in that no children have died waiting for an organ. 

With regard to the comments by Dr. Williams, I would echo his com- 
ments about the remarkable recovery potential of these young patients. 
Many of the children we’ve operated on have been critically ill, requiring 
intubation, multiple inotropic agents, and have really been virtually 
moribund. And to see a child go from this state subsequently to partic- 
ipating in normal activities is really very gratifying. 

With regard to the selection of these patients with complex congenital 
heart defects and multiple previous operations, there’s no question that 
this remains a very difficult area. Certainly the assessment of pulmonary 
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artery anatomy and pulmonary vascular resistance before operation is 
of paramount importance. 

As indicated one of our patients died one week after operation of 
residual pulmonary hypertension and, perhaps, in retrospect, was not a 
good candidate for operation. We don’t have any secrets, unfortunately, 
but we do certainly advocate an absolutely detailed assessment of these 
children before operation, a very careful assessment of the anatomy and 
physiology, to try to determine whether they are, in fact, acceptable 
candidates for transplantation. 

And, finally, with regard to the comment of Dr. Busuttil, we have a 
short follow-up thus far. The patients have been followed a maximum 
of 45 months, and the long-term renal function remains at this point 
very much in doubt. I certainly have concerns that we will encounter 
more renal failure in the future. i 

And this leads us to be very careful in our immunosuppressive regimen 
and, certainly, in the level af cyclosporine. After the first year of age, we 
try to keep the cyclosporine level at 100 or less as determined by high- 
pressure liquid chromatography. 

Whether adjunctive measures will be of any assistance in regard to 
maintaining renal function is certainly in doubt at this point. But we 
hope that it will be. 
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The effects of severe infection on luminal transport of amino 
acids and glucose by the small intestine were investigated. Studies 
were done in endotoxin-treated rats and in septic patients who 
underwent resection of otherwise normal small bowel. In rats 
the kinetics of the brush border glutamine transporter and the 
glutaminase enzyme were examined. In patients the effects of 
severe infection on the transport of glutamine, alanine, leucine, 
and glucose were studied. Transport was measured using small 
intestinal brush border membrane vesicles that were prepared 
by Mg** aggregation/differential centrifugation. Uptake of ra- 
diolabeled substrate was measured using a rapid mixing /filtration 
technique. Vesicles demonstrated 15-fold enrichments of enzyme 
markers, classic overshoots, transport into an osmotically active 
space, and similar 2-hour equilibrium values. The sodium-de- 
pendent pathway accounted for nearly 90% of total carrier-me- 
diated transport. Kinetic studies on rat jejunal glutaminase in- 
dicated a decrease in activity as early as 2 hours after endotoxin 
secondary to a decrease in enzyme affinity for glutamine (K,, 
= 2.23 + 0.20 mmol/L [millimolar] in controls versus 4.55 + 0.67 
in endotoxin, p <.0.03), rather than a change in V,,,x. By 12 
hours the decrease in glutaminase activity was due to a decrease 
in Vmax (222 + 36 nmol/mg protein/min in controls versus 96 
+ 16 in endotoxin, p < 0.03) rather than a significant change in 
Ka. Transport data indicated a decrease in sodium-dependent 
jejunal glutamine uptake 12 hours after endotoxin secondary to 
a 35% reduction in maximal transport velocity (V max = 325 + 12 
pmol/mg protein/10 sec in controls versus 214 + 8 in endotoxin, 
p < 0.0001) with no change in K,, (carrier affinity). Sodium- 
dependent glutamine transport was also decreased in septic pa- 
tients, both in the jejunum (V max for control jejunum = 786 + 96 
pmol/mg protein/10 sec versus 417 + 43 for septic jejunum, p 
< 0.01) and in the ileum (Vmax of control ileum = 1126 + 66 
pmol/mg protein/10 sec versus 415 + 24 in septic ileum, p 
< 0.001) The rate of jejunal transport of alanine, leucine, and 
glucose was also decreased in septic patients by 30% to 50% (p 
< 0.01). These data suggest that there is a generalized down- 
regulation of sodium-dependent carrier-mediated substrate 
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transport across the brush border during severe infection, which _ 
probably occurs secondary to a decrease in transporter synthesis 
or an increase in the rate of carrier degradation. The decrease 
in the number of active brush border carriers for glutamine and 
the decrease in glutaminase activity, in conjunction with dimin- 
ished consumption of circulating glutamine demonstrated during 
sepsis in previous studies, may result in inadequate amounts of 
this key small intestinal substrate.. 


HE SMALL INTESTINE plays a key role in the ab- 

sorption of luminal nutrients. This process not 

only supplies amino acids for synthetic pathways 
in the gut mucosa but also provides substrate for the liver 
and other tissues. Failure to consume adequate amounts 
of dietary amino acids leads to weight loss, negative ni- 
trogen balance, and erosion of lean body mass. Such con- 
sequences may be devastating in critically ill patients who 
are already catabolic from their underlying disease and 
who also require greater amounts of dietary protein to 
maintain nitrogen balance. 

Recent studies indicate that the intestinal tract, an organ 
generally regarded as inactive or quiescent during critical 
illness, occupies an important physiologic and metabolic 
position after injury and infection.'* For example the in- 
testinal epithelium functions as a barrier to luminal toxins. 
This barrier may become threatened or compromised in 
septic states, leading to an increase in mucosal perme- 


ability and subsequent translocation of enteric bacteria 


and their endotoxins.’ In addition the gut plays a pivotal 
role as a processor of circulating substrate, cooperating 
with the liver and other organs in maintaining amino acid 
homeostasis. This role in nitrogen metabolism revolves 
to a considerable extent around the ability of the small 
intestine to extract large amounts of glutamine from the 
bloodstream and from the gut lumen.?* Glutamine is the 
most abundant amino acid in the blood and free amino 


402 


acid pool of the body. Functionally glutamine metabo- 
lism by the small intestine (1) provides a major energy 
source for the gut mucosa to support biosynthetic path- 
ways, (2) provides amide nitrogen that may support nu- 
cleotide biosynthesis, and (3) processes nitrogen and car- 
bon from the diet or from the bloodstream for export to 
other tissues for further metabolism. Glutamine is simi- 
larly metabolized whether it enters the mucosal cells across 
the brush border from the lumen or across the basolateral 
membrane from the arterial blood, and it is even more 
important than glucose as an oxidative fuel.* This ability 
of the gut mucosa to extract and metabolize large amounts 
of glutamine is due to avid transport activity and high 
levels of the enzyme g/lutaminase, the major enzyme of 
glutamine metabolism. ; 

We previously reported that glutamine uptake from 
the bloodstream is diminished in septic patients and in 
endotoxin-treated rats.° Although the consequences of this 
impairment are unclear, the mechanism by which uptake 
of circulating glutamine is decreased during sepsis appears 
to be due primarily to a decrease in glutamine extraction 
by the bowel and a decrease in the specific activity of 
mucosal glutaminase, rather than a significant reduction 
in intestinal blood flow. The changes that occur in brush 
border substrate transport during septic states are un- 
known. These changes are important to investigate be- 
cause certain amino acids, in particular glutamine,” may 
be required for enterocyte growth and function. The pur- 
pose of this study was to examine the effects of severe 
infection on brush border transport of glutamine and other 
substrates and to study the kinetics of the enzyme glu- 
taminase under these circumstances. 


Materials and Methods 


Studies were done in rodents and in surgical patients. 
In rats a model of endotoxemia that results in physiologic 
and physical signs of sepsis was used. In the patients the 
diagnosis of sepsis was made clinically and confirmed in- 
traoperatively. 


Reagents and Chemicals 


All chemicals and reagents used were of analytical 
quality and were purchased from Sigma Chemical Co. 
(St. Louis, MO). Radiolabeled L-glutamine, L-alanine, L- 
leucine, and D-glucose were purchased from Amersham 
(Arlington Heights, IL). 


Animal Studies 


Male Sprague Dawley rats weighing 250 to 300 g (n 
= 36, Harlan Sprague Dawley, Indianapolis, IN) were used 
for the studies. The animals were kept in separate meta- 
bolic cages and were fed standard laboratory rat chow 
(Purina Rodent Chow 5001, Purina Inc., St. Louis, MO) 
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and water ad libitum. They were subjected to alternate 
12-hour periods of dark and light. Animal care and treat- 
ment and study procedures were in accordance with the 
guidelines of the Animal Care Committee at the Univer- 
sity of Florida and the Gainesville Veterans Administra- 
tion Hospital and the DHEW guide for the care and use 
of laboratory animals. On the evening before the study, 
chow was removed from the cages (ad libitum intake of 
water was allowed) and the rats were randomized to re- 
celve an intraperitoneal injection of endotoxin (Lipo- 
polysaccharide, Escherichia coli 0127:B8, Lot #76F4035, 
Sigma, 7.5 mg/kg body weight [BW]) or saline vehicle. 
Batches of six rats were pooled from each group on three 
separate occasions such that a total of 18 rats were studied 
in each group. The next morning (12 hours after the saline 
or endotoxin injection) the animals were anesthetized with 
ketamine (1 mg/kg BW). The entire length of jejunum 
was excised, opened along the antimesenteric border, and 
washed with ice-cold saline (0.9%) solution. The mucosa 
was then scraped with a glass slide and brush border 
membrane vesicles (BBMV) were prepared immediately 
as described below. In separate groups of control and en- 
dotoxin-treated rats, jejunal mucosa was obtained 2 and 
12 hours after administration of endotoxin or saline. This 
mucosa was frozen immediately in liquid nitrogen for 
later determination of glutaminase activity (see below). 
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Human Studies 


Adult surgical patients admitted to the Shands Hospital 
at the University of Florida of the Gainesville Veterans 
Administration Hospital were eligible to participate in the 
study. The studies were approved by the Institutional Re- 
view Board at the University of Florida College of Med- 
icine and by the Subcommittee for Clinical Investigation 
at the Gainesville Veterans Administration Medical 
Center. 

Segments of small intestine were obtained intraopera- 
tively from seven healthy patients and from four septic 
patients over a 15-month period. The control patients 
underwent elective abdominal surgery for their primary 
disease, the treatment of which required resection of small 
intestine. Four of these patients had a standard right 
hemicolectomy (two patients with villous adenomas of 
the cecum, two patients with small carcinomas of the as- 
cending colon). A 10- to 15-centimeter section of ileum 
was obtained from the surgical specimen and used for 
transport studies. Portions of jejunum (about 10 cm in 
length) were obtained from three other patients. One pa- 
tient had a Roux-en-Y limb of jejunum anastamosed to 
a pancreatic pseudocyst (for drainage), and a portion of 
small bowel was obtained at the time the jejunal limb was 
created. Two other patients had en bloc resection of a 
sigmoid carcinoma and small bowel adherent to the mass. 

Ileum was obtained from two septic patients, both of 
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whom had perforation of the cecum and peritonitis. They 
were treated with right hemicolectomy and ileotranverse 
colostomy. Jeyunum was obtained from two other septic 
patients, one of whom had en bloc resection of a perforated 
sigmoid diverticular abscess. The other patient had a per- 
foration of a colon cancer with obvious peritonitis that 
required resection of an adjacent portion of jejunum. 

Care was taken in the control patients to study only 
small bowel specimens from healthy individuals who had 
no weight loss, normal intake of food before surgery, and 
no evidence of organ dysfunction. Criteria for inclusion 
in the septic group were normotension, no evidence of 
intestinal ischemia or obstruction, previously healthy pa- 
tients without weight loss who required an emergency op- 
eration based on clinical findings, and evidence of peri- 
tonitis intraoperatively. Intestine from patients who were 
not eating normally before the development of abdominal 
sepsis (i.e., those being NPO [nulla per os, nothing by 
mouth] for greater than 36 hours) were excluded from 
study, because food intake may affect transport activity.’* 
Small intestine from septic patients appeared otherwise 
normal. All surgical procedures were done by the same 
surgeon (W. W. Souba), and one of us (R. M. Salloum) 
was present in the operating room each time a portion of 
small intestine was submitted for study. The specimen 
was not devascularized until immediately before passing 
it off the operating table, at which time it was placed 
promptly on ice and transported immediately to the Sur- 
gical/Metabolism Laboratories. The mucosa was rinsed 
with 0.9% ice-cold saline, scraped with a glass slide, and 
stored in liquid nitrogen. Brush border membrane vesicles 
from human small intestinal mucosa were prepared as 
described below. 

Membrane vesicle preparation. Brush border membrane 
vesicles (BBMVs) were prepared by a Mg** aggregation/ 
differential centrifugation technique.”’° For rat studies, 
the vesicles were prepared immediately after scraping the 
mucosa. In the patients, the previously frozen mucosa 
was first thawed. All steps of the preparation were con- 
ducted at 0 to 5 C. Briefly each gram of mucosal scrapings 
was homogenized in 8 mL of 300 mmol/L mannitol and 
1 mmol/L N-2 hydroxyethylpiperazine-N’-2-ethanesul- 
fonic acid (HEPES)-TRIS (pH 7.4) buffer with a Polytron 
homogenizer (Brinkman, setting #6 for 15 seconds). Ho- 
mogenates from each group were then treated with 100 
mmol/L MgCl,/1 mmol/L HEPES/TRIS, to yield a final 
concentration of 10 mmol/L MgCl). After stirring for 20 
minutes, the homogenate was centrifuged for 5 minutes 
at 5000g. The supernatant containing brush border ma- 
terial was collected and this step was repeated once. The 
supernatant was then centrifuged at 45,000¢ for 30 min- 
utes. The brush border membrane pellet was resuspended 
in 350 mmol/L mannitol/50 mmol/L HEPES/TRIS and 
centrifuged again at 45,000g for 30 minutes. The final 
pellet was resuspended in the same buffer to yield a final 
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protein concentration of 10 to 15 mg/mL. The brush bor- 
der enzymes alkaline phosphatase and gamma glutamyl 
transpeptidase were routinely measured to assay for brush 
border vesicle purity.'’ Protein concentration was deter- 
mined by the Biorad protein assay (Bio-Rad Laboratories, 
Richmond, CA) with gamma globulin as the protein stan- 
dard. 

Transport measurements. The uptake of *[H]-labeled 
substrate was measured using a rapid mixing/filtration 
technique.” In the BBMVs from rats and human ileal 
specimens, only L-glutamine transport was studied. In 
BBMVs from human jejunal specimens, the transport of 
3-L-glutamine (*7H-Gin), 7H-L-alanine (*H-Ala), *H-L- 
leucine @H-Leu), and 7H-D-Glucose 7H-Glucose) were 
investigated. For each uptake measurement, 10 uL of 
BBMVs and 40 uL of the radioactive uptake buffer were 
placed separately at the bottom of a 12 X 75 polystyrene 
tube (Fisher Scientific Inc, Pittsburgh, PA). The uptake 
buffer components were adjusted so that the final con- 
centration mixture contained initial gradients of 120 
mmol/L NaCl or KCl and labeled substrate at 10 to 50 
pmol/L (micromolar) concentrations. An electronically 
controlled device was used to initiate the reaction by rap- 
idly vibrating the tube.'° After the prescribed reaction pe- 
riod (15 seconds to 2 hours), 1 mL of ice-cold stop buffer 
(150 mmol/L NaCl/10 mmol/L HEPES/TRIS, pH 7.5) 
was added to quench the reaction. The quenched reaction 
mixture was then filtered using a prewetted and chilled 
0.45-um membrane filter (Gelman Scientific product no. 
63068 Gn-6). The membranes were washed once with 5 
mL of stop buffer and then dissolved in Aquasol Scintil- 
lation cocktail (Dupont, NEN Research Products, Boston, 
MA). The radioactivity trapped by the vesicles was mea- 
sured by liquid scintillation counting. Values for nonspe- 
cific retention of the radioactivity by the filter and the 
vesicles were obtained from time zero uptakes and were 
subtracted from the total filter radioactivity. The radio- 
activity was converted to units of uptake and expressed 
as picomoles per milligram protein per time. Uptake was 
measured in the presence and absence of sodium with 
potassium as the control cation. 

Statistical analysis. All data are expressed as mean 
+ standard error. Data were compared using the unpaired 
two-tailed Student’s t test (MacIntosh Plus Computer, 
Statview 512 Statistical Program, Apple Computers, Cu- 
pertino, CA). A probability value less than 0.05 was con- 
sidered statistically significant. 


Results 


Brush Border Purification 


The purity of the brush border membranes was ascer- 
tained by determining the activities of the brush border 
marker enzymes alkaline phosphatase and gamma-glu- 
tamy! transpeptidase. Both enzymes showed a 14- to 16- 
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Fic. 1. Saturation plot of jejunal glutaminase activity in control and 12- 
hour endotoxin-treated rats. The activity of phosphate-dependent glu- 
taminase was measured at various glutamine concentrations ranging from 
| to 40 mmol/L as described in the Methods section. Enzyme activity 
is plotted versus glutamine concentration. 


fold enrichment in vesicles from control and endotoxin- 
treated rats and from normal and septic patients when 
compared with the crude homogenate (in rat jejunum, 
515 + 32 nmol/mg protein/minute versus 7401 + 676 
nmol/mg protein/min in the original homogenate and 
the BBMV suspension, respectively, and in human je- 
junum, 416 + 62 versus 6652 + 598, p < 0.0001). 


Transport Characteristics 


In both human and rat BBMVs, glutamine transport 
was measured in the presence and absence of NaCl (with 
KCI substitution). Transport was significantly higher in 
the presence of sodium and demonstrated classical over- 
shoots. Sodium-dependent carrier-mediated transport ac- 
counted for 90% of total carrier-mediated uptake. Hence 
sodium-dependent glutamine transport data are presented 
in the results. Sodium-independent transport was not al- 
tered by severe infection. Osmolarity studies (data not 
shown) showed uptake into an osmotically active intra- 
vesicular space. Vesicular size was similar in all compared 
groups, as evidenced by the 2-hour equilibrium values of 
substrate uptake by the BBMVs. 


Rat Studies 


Effects of endotoxin. Rats receiving endotoxin devel- 
oped decreased physical activity, conjuctivitis, and pilo- 
erection. Saline-treated animals appeared normal. 

Glutaminase kinetic parameters. The activity of phos- 
phate-dependent glutaminase was measured at various 
glutamine concentrations ranging from 1 to 40 mmol/L, 
using a fluorometric assay similar to the one described by 
Pinkus and Windmueller.!? In rats studied 12 hours after 
endotoxin treatment, data in the form ofa saturation plot 
(activity versus glutamine concentration) is shown in Fig- 
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ure 1. The data were linearized, generating an Eadie-Hof- 
stee plot (Fig. 2), by plotting enzyme activity versus ac- 
tivity/glutamine concentration. The K,, (a measure of 
enzyme affinity for the glutamine) is the negative of the 
slope of the line and the Vmax (a measure of the number 
of active enzyme molecules) is the activity of the enzyme 
at infinite substrate concentration. This linear relationship 
is summarized by the following equation: 


V = Vinx — KmV/[GIn] 


where transport velocity V is measured on the y-axis, V/ 
[GLN] is measured on the x-axis, K,, is the slope of the 
line, and Vmax 18 the y-intercept. At the 12-hour time point, 
the K,, was not different between both groups, but there 
was a significant decrease in Vmax in the endotoxin-treated 
rats (Fig. 2, Table 1). In contrast, the 2-hour endotoxin- 
treated rats showed a significant increase in Kn, indicating 
a decrease in the affinity of the phosphate-dependent glu- 
taminase enzyme for glutamine at this time point (Fig. 3, 
Table 1). 

Glutamine uptake rates. The sodium-dependent ti- 
mecourse of *H-Gln by rat jejunal BBMVs is shown in 
Figure 4. The BBMVs from endotoxin-treated rats had 
significantly decreased glutamine uptake compared with 
control rats. 

Glutamine transport kinetics. Glutamine transport rates 
were measured as a function of concentration (10 umol/ 
L — 10 mmol/L) in the presence of 120 mmol/L NaCl 
or KCl. Incubations were performed for 10 seconds. Total 
glutamine uptake velocity (V T°") was resolved into three 
transport pathways: 


Vy Total = y? ole VNa-dep aia VNa-indep 


yk = VNa-indep J yP 
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Fic. 2. Eadie-Hofstee plots of saturable glutaminase activity in control 
and 12-hour endotoxin-treated rats. The activity of phosphate-dependent 
glutaminase was measured at various glutamine concentrations ranging 
from | to 40 mmol/L as described in the Methads section. Enzyme 
activity is plotted against activity/[GLN]. Plots shown are representative 
of data generated from assays performed on three separate contro] and 
endotoxin-treated rat mucosal preparations, each done in triplicate. The 
slopes of the lines indicated a similar K,,, while y-intercepts indicate a 
decrease in Vma; in endotoxin-treated rats. 
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TABLE 1. Glutaminase Kinetics in Control and Endotoxin-Treated Rats 
2 Hours After Endotoxin 12 Hours After Endotoxin 
Kin V mix Km V imax 
Group (mmol/L) (nmol/mg/min) (mmol/L) (nmol/mg/min) 
Control 2.23 40.20 146 + 19 3.67 + 1.05 222 + 36 
Endotoxin 4.55 + 0.67* 163 + 7 2.20 + 0.50 96 + 16* 


Data = mean + SEM of three separate experiments done in triplicate. 


such that V**' refers to the total uptake in the sodium 
buffer, V“?~°? is the carrier-mediated sodium-dependent 
‘uptake, VN2"'"4eP refers to carrier-mediated sodium-inde- 
pendent uptake, V” is the passive diffusional uptake, and 
V¥ is the uptake of glutamine in the absence of sodium, 
using potassium (K*) as the control cation. The sodium- 
dependent component of total uptake, which represented 
nearly 90% of total uptake, is obtained from the following 
equation: 


YNadep — yTotal — YK 


An Eadie-Hofstee plot (Fig. 5) is generated by plotting 
VNadep versus VN*4P [Gin] according to > the following 
linear equation: 


VNadep =—ymax _ K™ VNa-dep [Gln] 


where K,, represents the apparent affinity of the trans- 
porter and V max 18 the maximal uptake velocity. The mean 
kinetic constants from three separate experiments done 
in triplicate are shown in Table 2. Endotoxin treatment 
resulted in a significant decrease in Vax, but no change 
in K,, (Fig. 5). 
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Fic. 3. Eadie-Hofstee plots of saturable glutaminase activity in control 
and 2-hour endotoxin-treated rats. The activity of phosphate-dependent 
glutaminase was measured at various glutamine concentrations ranging 
from | to 40 mmol/L as described in Methods. Enzyme activity is plotted 
against activity/[GLN]. Representative plots are shown. The slopes of 
the lines show an increase in K,, in endotoxin-treated rats, indicating a 
decrease in enzyme affinity. The V ma (y-intercept) was not affected. 


* p < 0.03 versus control. 


Human Studies 


Glutamine uptake rates. The time course of sodium- 
dependent jejunal transport is shown in Figure 6. The 
overshoot phenomenon was observed in both groups of 
patients and the 2-hour equilibrium values were the same, 
indicating similar vesicular size. Transport of 7H-Gln by 
BBMVs was significantly decreased in the septic patients. 

Glutamine transport kinetics. Glutamine transport rates 
were measured as a function of glutamine concentration 
(10 umol/L to 10 mmol/L) in the presence of 120 mmol/ 
L NaCl or KCl. Incubations were performed for 10 sec- 
onds. Total glutamine uptake velocity (V'“) was resolved 
into the three transport pathways as described above. 
Eadie-Hofstee plots for both jejunal and ileal transport 
were generated by plotting VN versus V“*4°"/[Gln] to 
generate the lines shown in Figures 7 and 8. The apparent 
K,, for the sodium-dependent transporter in both the je- 
junum and ileum was not altered by the septic state. 
However the V max of the transporter in septic patients was 
significantly decreased compared with controls, consistent 
with a decreased number of active transport molecules. 
Kinetic data are shown in Table 3. 
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Fic. 4. Time course of glutamine uptake by BBMVs from control and 
12-hour endotoxin-treated rats. BBMVs were incubated with 50 umol/ 
L glutamine uptake buffer as described in Methods. The figure is a rep- 
resentative time course of three assays performed separately from three 
different BBMVs preparations. Each data point represents mean + SEM 
of triplicate measurements. When not shown the error bars are contained 
within the symbol. BBMYV, brush border membrane vesicles. 
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Fic. 5. Eadie-Hofstee plots of glutamine transport in BBMVs from control 
and 12-hour endotoxin-treated animals. BBMVs were incubated with 
- varying concentrations of glutamine ranging from 10 pmol/L to 10 mmol/ 
L for a period of 10 seconds. Sodium-dependent glutamine uptake was 
determined as described in Methods and uptake velocity was plotted as 
a function of velocity/[glutamine]. The y-axis intercept represents max- 
imal transport velocity {V max) and negative slope corresponds to the ap- 
parent K,, (transporter affinity). Plots shown are representative of data 
generated from transport assays performed on three separate control and 
endotoxin-treated rat BBMV preparations, each done in triplicate. 


Effects of sepsis on other transporters. To determine the 
specificity of the effects of sepsis on brush border transport, 
the total uptake (VN74er + VNaindep + VP) of 3H-alanine, 
3H-leucine, and ?H-glucose by human jejunal BBMVs was 
also measured. The uptake of all substrates was signifi- 
cantly decreased in the septic patients (Fig. 9, Table 4). 


Discussion 


Small intestinal brush border transport of glutamine 
and other substrates was studied in septic patients and in 
endotoxin-treated rats to gain further knowledge of the 
changes in gut fuel use that occur during severe infection. 
The results demonstrate similar decreases in brush border 
glutamine transport in septic humans and in rodents re- 
ceiving E. coli lipopolysaccharide (LPS). Additional stud- 
ies in jejunal BBMVs from“healthv and septic patients 
indicated a generalized decrease in amino acid and glucose 
transport during severe infection. 

Endotoxicosis 1s an accepted laboratory model of 
sepsis’*; animal!'* and human!? studies demonstrate that 


TABLE 2. fejunal Brush Border Ghiutamine Transport Kinetics in 
Control and Endotoxin-Treated Rats 


Kin V max 
Group (zmol/L) (pmol/mg prot/10 s) 
Control 492 + 35 325 4 12 
Endotoxin 488 + I6 214+ 8* 


Data = mean + SEM of three separate experiments done in triplicate. 
* p < 0.0001 versus control. 
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FIG. 6. Time course of glutamine uptake by jejunal BBM Vs from control 


_and septic patients. BBMV's were incubated in 50 nmol/L glutamine as 


described in Methods. The figure is a representative time course of three 
assays performed separately from three different BBMYs preparations 
from each of three control and two septic patients. Each data point rep- 
resents the mean + SEM of triplicate measurements. When not shown, 
the error bars are contained within the symbol. 


a single dose of endotoxin evokes many of the physiologic 
responses observed in severe bacterial infection. The rat 
endotoxin model we used is a reproducible model that 
has clinical relevance because septic patients develop the 
same impairment in gut glutamine metabolism as do en- 
totoxin-treated rats. In addition, the regulation of these 
transport alterations (e.g., by cytokines) at the molecular 
level can be studied. Such knowledge of metabolic regu- 
lation is essential for treatment strategies to be envisioned 
and implemented. 

Luminal amino acids are transported across the brush 
border membrane of the small intestine by several well- 
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FIG. 7. Representative Eadie-Hofstee plot of glutamine transport in jejunal 
BBM Vs from control and septic patients. BBMVs were incubated as 
described in Methods. The plot is representative of data generated from 
three assays performed on three separate control and two septic BBMV 
preparations, each done in triplicate. 
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Fic. 8. Representative Eadie-Hofstee plot of glutamine transport in ileal 

BBMYs from control and septic patients. BBMVs were incubated as 

described in Methods. The plot is representative of data generated from 


three assays performed on four separate control and two septic BBMV 
preparations, each done in triplicate. 


described transport systems.!®!” In general translocation 
of luminal substrates into the cytoplasm of the enterocyte 
occurs by three separate pathways: a sodium-dependent 
route, a sodium-independent pathway, and by diffusion, 
which reflects the permeability of the membrane. The so- 
dium-dependent route is usually the dominant pathway. 
In the case of glutamine, the jejunal brush border carrier 
for glutamine has not been fully characterized but may 
bear some resemblance to system N.!®:!? The carrier for 
alanine, however, is principally the sodium-dependent 
system A,” whereas leucine is mainly transported by the 
sodium-independent system L.'’ Glucose uptake from the 
lumen also occurs through a sodium dependent co-trans- 
porter.” Under normal circumstances the rate of trans- 
porter synthesis is balanced by the rate of carrier degra- 
dation such that a steady state exists and the number of 
copies of transporter molecules on the brush border is 
constant. 

Three principal factors determine the uptake of amino 
acids and glucose across the brush border. They are the 


quantity of luminal substrate available to the epithelial - 


TABLE 3. Brush Border Glutamine Transport Kinetics in Control 
and Septic Patients 


Jejunum leum 
Kan Vinax Kan V max 
Group (amol/L) (pmol/mg/10 s} (mol/L) (pmol/mg/10 s) 
Control 729 + 84 786 + 96 513 + 46 1126 + 66 
Septic 619 + 92 417 + 43* 552 + 10 415 + 24+ 


Data = mean + SEM of two separate experiments done in triplicate. 
*p < 0.01; tp < 0.001 versus control. 
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Fic. 9. Total substrate transport in jejunal BBMVs from septic patients 
expressed as a percentage of transport in jejunal BBMYs from healthy 
controls. BBMVs were incubated in 50 wmol/L each of glutamine, ala- 
nine, glucose, and leucine for a period of 10 seconds as described in 
Methods. The bar graph is the mean of three assays performed separately 
in triplicate on BBMVs preparations from each of two contro] and two 
septic patients. Each data point represents the mean + SEM of triplicate 
measurements. 


cells, the capacity of the individual cells to translocate the 
compound into the intracellular compartment, and the 
capacity of the cell to use intracellularly available sub- 
strate. In the current investigations, we focussed on the 
intrinsic activity of the transport machinery as well as on 
the activity of the glutaminase enzyme. The use of plasma 
membrane vesicles to assess brush border substrate trans- 
port activity offers several advantages over other ap- 
proaches. Alterations in membrane transport activity are 
preserved during the preparation of vesicles’ and transport 
activity can be evaluated apart from other confounding 
influences such as metabolism and trans-stimulation/in- 
hibition. The decrease in glutamine transport activity we 
observed was not the result of nonspecific differential ef- 


‘fects of endotoxin on vesicle membrane permeability or 


transport characteristics, as we did not observe alterations 
in sodium-independent glutamine uptake (data not 
shown). In addition, BBMVs from endotoxin-treated rats 
and septic patients demonstrated enrichments and over- 
shoots, indicating vesicle purity and functionality. 
Severe infection did not change the affinity of the Nat- 
dependent cotransporter for glutamine (the apparent Km 
was unchanged) but the Vma? decreased to about one 


TABLE 4. Brush Border Jejunal Substrate Transport in Control 
and Septic Patients (pmol/mg protein/10 s$) 


Group Glutamine Alanine Leucine Glucose 
Control 36.1 + 1.5 49.5+6.9 83.7+7.8 193.1 + 9.6 
Septic 19.9 + 1.9% 3444+ 1.8* 52.1 + 2.8* 94.3 + 3.9* 


Data = mean + SEM of two separate determinations done each in 
triplicate. 
* p < 0.01 versus control. 
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half of that observed in control rats and healthy humans. 
In addition, total transport of alanine, leucine, and glucose 
was diminished. Interestingly kinetic measurements in 
animals studied 4 hours after endotoxin treatment showed 
that glutamine transport was actually increased at this 
early timepoint (data not shown). Thus it appears that 
the gut mucosal response to endotoxemia may be biphasic 
in nature, with an early increase in transport activity fol- 
lowed by a later decrease in the number of active trans- 


porters on the cell surface. Whether this change in carrier - 


activity is the result of reduced transporter synthesis or 
increased transport degradation (or both) 1s not clear from 
the present study. Interestingly, recent work by von All- 
men and colleagues?! demonstrated that mucosal protein 
synthesis is increased 16 hours after induction of fecal 
peritonitis by cecal ligation and puncture. Protein content 
of the bowel was unchanged, indicating a concomittant 
increase in protein breakdown in the mucosa or export 
of newly synthesized proteins. Thus small intestinal pro- 
tein synthesis may be reprioritized during severe infection. 
At a time when energy use is at a premium and protein 
synthetic requirements must be prioritized, the mucosa 
may redirect the flow of energy to more acute synthetic 
needs (such as acute phase protein synthesis) at the ex- 
pense of transport-related protein synthesis. Simulta- 
neously the gut uses increased amounts of glucose,” its 
alternate fuel. In contrast to the gut, a decrease tn the 
intrinsic glutamine transport activity does not occur in 
the hepatocyte of endotoxin-treated rats (Souba et al., un- 
published observations), and synthesis of the glutamine 
carrier in pulmonary endothelial cells is actually increased 
by endotoxin.” Thus whether the bowel becomes pur- 
posefully ‘subservient’ to the glutamine needs of the liver 
and lungs requires further elucidation. 

One important question raised by these studies is 
whether luminal transport activity can be stimulated in 
septic patients by providing luminal nutrients. Evidence 
exists that the activity of brush border nutrient trans- 
porters can be regulated by their respective substrates.’ 
Diamond and Karasov’ studied the influence of diet on 
the adaptive regulation of intestinal nutrient transporters. 
They suggested that fluctuations in transport activity are 
based on trade-offs among factors such as cost of trans- 
porter synthesis and nutrient requirements. Their work 
indicated that the basal rate of luminal transport can be 
up-regulated by dietary substrate. This observation may 
be important in critically ill patients, as it suggests that 
enteral nutrition may help offset the decrease in luminal 


transport activity that occurs during severe infection.. 


Maintenance of transport function may also be important 
in such individuals, as dietary substrate can profoundly 
influence protein synthesis in the gut mucosa. Further- 
more it 1s clear that enteral feedings improve outcome in 
critically ill patients,” an event that may be related to 
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reprioritization of hepatic protein synthesis.” Early enteral 
nutrition can also blunt the catabolic response to burn 
injury and help preserve mucosal integrity.*° 

The amino acid glutamine has received considerable 
attention in the past decade, partly because of new knowl- 
edge demonstrating that its metabolism changes markedly 
during critical illness and also because of studies that sug- 
gest that it may be a conditionally essential amino acid. 
Supplemental glutamine, for example, can improve in- 
testinal morphometrics and improve survival in animals 
receiving whole abdominal radiation??? or chemother- 
apy.” Thus the relationship between the septic insult and 
the metabolic derangements may be more than casual. 
In view of the data presented in this study in conjunction 
with recent work, one might ask whether the provision 
of glutamine-enriched diets could stimulate mucosal me- 
tabolism and improve gut function during septic states. 

We recognize that severe infection may result in changes 
in the mucosal microcirculation that may directly affect 
substrate transport by the gut epithelium. Such alterations 
might be mediated by endothelial cells or inflammatory 
cells. Certainly, like the changes in permeability that occur 
during endotoxemia, the regulation of the changes in sub- 
strate use that occur is likely to be complex and multi- 
factorial. Regardless of the specific mechanisms involved, 
it is clear that sepsis results in a marked inability of the 
bowel to consume glutamine and other nutrients. The 
consequences of this impairment as well as its natural 
history with regard to progression and resolution require 
further study. 
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DISCUSSIONS 


Dr. EDWIN DEITCH (Shreveport, Louisiana): As you have just heard, 
the authors have presented data indicating that brush-border glutaminase 
activity and the transport of glutamine is decreased, and this decrease 
appears to be due primarily to quantitative decreases in the amount of 
glutaminase enzyme or glutamine transporters and not due to functional 
alterations of these systems. That is, what is there works. The problem 
is that what is there is reduced in number. 

This basic work has very important clinical implications because we 
have information indicating that glutamine has several unique and im- 
portant functions. We know that glutamine, rather than glucose, is the 
primary nutrient to the small intestine and that maintenance of intestinal 
structure and function may depend significantly on glutamine availability. 

In addition we know that glutamine is an optimal and essential nutrient 
that’s required for the immune system to function. Thus one clinical 
implication of these results is that the net effect of these impairments in 
intestinal glutamine metabolism and transport may result in an inade- 
quate availability of glutamine to support optimally intestinal barrier 
fenctions during stress states. 

This assumption fits in very well with the previously published data 
from my laboratory looking at endotoxin and barrier function of the 
intestine. We have shown, and others have as well, that endotoxin in 
stress states can lead to gut barrier failure and potential letha! gut origin 
septic states. 

Would the authors comment on the potential therapeutic role of glu- 
tamine administration? I ask this question because the second implication 
of this work is that because the glutaminase and glutamine transporters 
that are present function normally, it may be possible to meet the cells’ 
glutamine needs by increasing substrate availability. 

In other words, it may be possible to compensate for these defects in 
glutamine transport by increasing the amount of exogenously supplied 
glutamine. 

Because the physiology of glutamine metabolism and transport in vivo 
is incredibly complex and is influenced by more variables than can be 
addressed by in vitro studies, I would like to ask the following questions. 

In vivo glutamine is transported to the cells from both the blood via 
the basal lateral membrane as well as to the intestine across the brush 
border. Thus would you put your data on luminal transport into per- 
spective with the information you have generated on basal lateral trans- 
port? This question is potentially important because, especially in a nonfed 
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state, the majority of glutamine transported to the epithelial cells may 
come from the blood. 

There are two pglutaminases. A phosphate-independent glutaminase, 
which is in the brush border, and a membrane-dependent glutaminase, 
which is in the mitochondria. 

Because mitochondria glutaminase activity may be more important 
physiologically than brush-border glutaminase in vive under certain cir- 
cumstances, do you have any information on whether mitochondrial 
glutaminase activity is altered? 

This question may be important because, methodologically, when the 
vesicles are formed from homogenized mucosa, it is possible that it could 
contain or have been contaminated with mitochondria or mitochondrial 
fragments. 

Thus do you have any data documenting whether brush-border glu- 
taminase was contaminated with mitochondrial glutaminase? 

Last because glucose, alanine, and leucine transport also were de- 
creased, it appears that the observations of glutamine transport are not 
specific. Instead they may reflect a global and nonspecific change in 
membrane transport. Would you speculate on the mechanisms underlying 
these changes? 


Dr. J. W. ALEXANDER (Cincinnati, Ohio): I think it’s fairly clear from 
Dr. Copeland’s very lucid presentation what the implications of this 
paper are. That is why it’s so difficult to maintain nutritional status by 
either the enteral or parenteral route in individuals who are septic. 

PH make my discussion relatively short by focusing on four areas of 
questions, one of which is methodologic. And that is partly because of 
my ignorance. It would be interesting for all of us to know whether there 
could be some methodologic variance of this study because of differences 
in potential fragility of the vesicles as they are prepared. It could be, as 
an example, that they are more fragile in the septic state. They could 
create a methodologic error decreasing the apparent transport. 

They have shown clearly that glutamine and glucose and aminoacid 
uptake is decreased, and I would like to know if there is any evidence 
of decrease of other alternative fuels for the gut, such as short chain fatty 
acids, ketoacids, or even lipids. 

Next is there anything that might reverse this process? This has tre- 
mendous therapeutic implications for the septic patient who is trying to 
be fed. As we know in normal individuals, there are a variety of things 
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that can increase uptake of the intestines of a variety of substances, par- 
ticularly nutrients. These include dietary substrates themselves and a 
variety of hormonal substances such as bombesin and perhaps growth 
hormone and certainly some of the prostaglanden analogues, particularly 
of the E series. 

Finally, as Dr. Deitch has indicated in his discussion, there is a great 
amount of data that have accumulated related to transport of endotoxin 
across the gut, and some of this will be discussed in my paper tomorrow. 

It is clear that transport of endotoxin across the intestinal barrier is 
increased following a variety of injurious stimuli. In the paper Drs. 
Copeland and Souba have indicated that in fact glutamine uptake in- 
creased at 4 hours. Thus there is a definite difference related to the time 
of the injection of endotoxin, and as to whether uptake is increased or 
decreased. 

Is there an explanation for this change in the transport of these sub- 
stances? And in particular, might there be a decrease in endotoxin later? 
Of even more interest, does endotoxin regulate the changes in these 
transport mechanisms? 


Dr. JOSEF FISCHER (Cincinnati, Ohio): This is a nicely done and 
presented continuation of work that shows the critical nature of glutamine 
to enterocytes. 

May I have my first slide, please? 

This is some work that really doesn’t have much to do with sepsis but 
shows isolated enterocytes in a different situation, which shows that you 
can increase the output of protein synthesis in gut mucosa and Isolated 
enterocytes in a control situation and also sometimes substitute for glu- 
tamine with various other aminoacids. 

We agree with the premise that glutamine is—-and much of the work 
that Souba and Copeland have done shows this-~an essential fuel. 

They have raised a number of other issues. One of the issues is whether 
glutaminase is a good marker for overall metabolizing capacity by the 
intestine. Glutaminase is a funny enzyme, to which Dr. Deitch has already 
alluded. It exists in liver, brain, and kidney, and it’s a very small enzyme. 
It only weighs about 65 kd. And so there are difficulties in isolation. 

Many laboratories use antibody-binding techniques to measure the 
activity of glutaminase, which is a sure sign that the standard techniques 
that most of us use to measure antibody activity really don’t work very 
well. 

Dr. Alexander has already raised a question of methodology. Whenever 
I see changes in km or the actual structure or the affinity of an enzyme, 
I have to wonder whether there is a methodologic problem, although 
the data in this manuscript seemed pretty good that they are actually 
seeing an alteration in km. 

Without putting any words in the authors’ mouths, they have a very 
attractive hypothesis that decreasing glutamine uptake and decreasing 
glutaminase results in greater permeability supporting the noxious effects 
of sepsis by translocation of either bacteria or other products into 
the gut. 

Unfortunately there are scenarios other than endotoxin and sepsis in 
which this has been tested, and the data are not consistent. Newsholm, 
for example, has found that in burns—in which | think everybody agrees 
that there is increased permeability of material across the gut—despite 
the fact that everybody agrees that in the burn model translocation occurs, 
there is increased glutamine use and an increased measured glutaminase 
activity. So there is disparity, at least in the model they used, although 
it’s a little longer term. 
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The second issue, and this is referred to in the manuscript, is studies 
by one of our own residents, Dan van Allmen, who found that in sepsis— 
and this is a cecal ligation and puncture model—protein synthesis by 
isolated enterocytes at 16 hours actually increases. Now some of these 
proteins are gut hormones, which we think are exported to the liver, that 
stimulate the liver for sepsis. So there is that nice relationship. And as 
the authors have already noted, this is biphasic. And early studies show 
that these are stimulated. 

I would like to ask three questions. First you have studied the vesicle 
transport in the brush border but not in the basal lateral membrane. 
What is the relative importance of the basal lateral membrane? I think 
Ed Deitch already referred to this. And is it possible that there is a disparity 
between these two types of transport? 

The second is a technical question. I assume that their control patients, 
the seven control patients, were fasted overnight and they took the special 
pains to make certain that the septic patients were not fasted for any 
longer than 36 hours. And 36 hours seems like a relatively short time, 
but in fact it’s a relatively long time to the intestine, in which the turnover 
is 36 hours. 

Do they have any data in control patients who have been fasted for 
8, 12, 24, 36, and 48 hours? Did the difference in time between the 
control patients and the septic patients have any influence on the results. 

This is fascinating work with important clinical implications. 


Dr. W. W. SOUBA (Closing discussion): Dr. Deitch asked what happens 
to transport across the basolateral membrane. We do not know the answer 
to that question because the basolateral prep is more difficult to work 
with and the percentage contamination from other organelles is higher. 
Although we previously reported that uptake of glutamine from the 
bloodstream is decreased in septic patients, this could be secondary to a 
decrease in intracellular metabolism rather than a direct reduction in 
basolateral transporters. Most likely, however, transport across the blood 
facing membrane is also diminished. 

It is important to differentiate between transport and metabclism. 
One phenomenon involves translocation of glutamine into the cell from 
the gut lumen from the bloodstream. The second, metabolism, involves 
the hydrolysis of the glutamine molecule by the glutaminase enzyme, 
which is mitochondrial bound. 

The regulation of these changes is poorly understood. The regulation 
may be biphasic in nature in that early on transport may be increased 
(4 hours) with a later decrease in transport activity. Perhaps the cell is 
reprioritizing, protein synthesis during severe infection. 

Dr. Alexander asked about methodology. The vesicles from both septic 
and normal patients appeared to be functional with good vesicle integrity 
based on similar 2-hour equilibrium points, similar enrichments, and 
identical diffusion capacities. In terms of recovery from these insults, 
that information is unknown. 

With regard to Dr. Fischer’s questions, we are using a human enter- 
ocyticlike cell line that allows us to study direct effects of regulators 
independent of factors such as bloodflow and cell-cell interactions. We 
are aware of Dr. Van Allman’s work from Cincinnati, which shows that 
protein synthesis in the gut mucosa of septic animals is increased at the 
16-hour time point. This fits with the idea that the cell may be redirecting 
synthetic properties. 

Whether decreased glutamine availability results in mucosal injury is 
unknown. Certainly in other models of bowel injury, glutamine can 
accelerate healing. 
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BALANCED COVERAGE’ WITH 


MEFOXIN* 


CEFOXITIN SODIUM|MSD 


tin vitro activity against indicated aerobes and anaerobes 


MEFOXIN is contraindicated in patients who have shown hypersensi- 
tivity to cefoxitin and the cephalosporin group of antibiotics. 


MEFOXIN is not active in vitro against most strains of Pseudomonas 
aeruginosa and enterococci (e.g., Streptococcus faecalis) and many 
strains-of Enterobacter cloacae. Methicillin-resistant staphylococci 
are almost uniformly resistant to MEFOXIN. 

*in infections caused by indicated organisms at indicated sites 
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s Indications and Usage: /reatment—Serious infections caused by susceptible strains of the designated 
f microorganisms in the following diseases: 

_ LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by Strepto- 
coccus pneumoniae, other streptococci (excluding enterococci, e.g., Strep. faecalis), Staphylococcus aureus 
_ (penicillinase and non-penicillinase producing), Escherichia coli, Klebsiella species, Hemophilus influenzae, 
and Bacteroides species. 

_ GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella species, Proteus 

Mirabilis, indole-positive Proteus (which include the organisms now called Morganella morganii and Proteus 
_ vulgaris), and Providencia species (including Providencia rettgeri). Uncomplicated gonorrhea due to Neis- 
_ Seria gonorrhoeae (penicillinase and non-penicillinase producing). 

INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by E. coli, 
Klebsiella species, Bacteroides species including the B. fragilis group* and Clostridium species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflammatory disease, 
caused by E. coli, N. gonorrhoeae (penicillinase and non-penicillinase producing), Bacteroides species 
including the B fragilis group* Clostridium species, Peptococcus species, Peptostreptococcus species, and 
f group B streptococci. 

; SEPTICEMIA caused by Strep. pneumoniae, Staph. aureus (penicillinase and non-penicillinase producing), 
_ E coli, Klebsiella species, and Bacteroides species including the B. fragilis group* 

-BONE AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
_ producing), Staph. epidermidis, streptococci (excluding enterococci, e.g., Strep. faecalis), E. coli, P. mirabilis, 
_ Klebsiella species, Bacteroides species including the B. fragilis group; Clostridium species, Peptococcus 
_ Species, and Peptostreptococcus species. 

Although appropriate culture and susceptibility studies should be performed, therapy may be started while 
~ awaiting these results. Cefoxitin is not active in vitro against most strains of Pseudomonas aeruginosa and 
_ enterococci (e.g., Strep. faecalis) and many strains of Enterobacter cloacae. Methicillin-resistant staphylo- 
x cocci are almost uniformly resistant to cefoxitin. 

_ Prevention—Prophylactic use in surgical procedures (e.g., hysterectomy, gastrointestinal surgery, cesarean 
~ section, transurethral prostatectomy) classified as contaminated or potentially contaminated or in patients 
_ in whom subsequent infection at the operative site would present a serious risk, e.g., prosthetic arthroplasty. 

‘MEFOXIN usually should be given ¥ to 1 hour before surgery and should usually be stopped within 24 hours 
_ since continuing administration of any antibiotic increases the possibility of adverse reactions but, in the 
= of surgical procedures, does not reduce the incidence of subsequent infection. However, in patients 







‘undergoing prosthetic arthroplasty, it is recommended that MEFOXIN be continued for 72 hours after the 

surgical procedure. If there are signs of infection, specimens for culture should be obtained for identification 
_ of the causative organism so appropriate treatment may be instituted. 

Contraindications: Previous hypersensitivity to cefoxitin and the cephalosporin group of antibiotics. 
- Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE 
~ PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, PENICILLINS, OR OTHER 
_ DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE ADMINIS- 
TERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICU- 
-LARLY TO DRUGS. IF AN ALLERGIC REACTION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS 
HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis, from mild to life-threatening in severity, has been reported with 
virtually all antibiotics (including cephalosporins); therefore, it is important to consider its 
_ diagnosis when diarrhea develops in association with antibiotic use. Broad-spectrum antibiotics 
-alter normal flora of colon and may permit overgrowth of clostridia; a toxin produced by Clostridium difficile 

iS a primary cause of antibiotic-associated colitis. Mild cases may respond to drug discontinuance alone; in 

more severe Cases, Management may include sigmoidoscopy, appropriate bacteriological studies, fluid, 
-electrolyte and protein supplementation, and use of a drug such as oral vancomycin; isolation of the patient 
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_ "B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus 


may be advisable. Other causes of colitis should also be considered. 

Precautions: General—Total daily dose should be reduced in patients with reduced urinary output d 
renal insufficiency because high and prolonged serum antibiotic concentrations can occur from usual di 
Prescribe with caution in patients with a history of gastrointestinal disease, particularly colitis. Prolo 
use may result in overgrowth of nonsusceptible organisms; repeated evaluation of the patient's conditi 
essential. If superinfection occurs, take appropriate measures. 

Drug Interactions—Increased nephrotoxicity has been reported following concomitant administratic 
cephalosporins and aminoglycoside antibiotics. 

Drug/Laboratory Test Interactions—High concentrations (>100 mcg/mL) may interfere with measureme 
serum and urine creatinine levels by the Jaffé reaction and produce false increases of modest degr 
creatinine levels reported; serum samples should not be analyzed for creatinine if withdrawn within 2 h 
of cefoxitin administration. High concentrations may interfere with measurement of urinary 17-hydt 
corticosteroids by the Porter-Silber reaction and produce false increases of modest degree in | 
reported. A false-positive reaction for glucose in urine has been observed with CLINITEST** reagent tat 
Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has been performe 
carcinogenic or mutagenic potential. Rat studies at approximately three times maximum recomme! 
human dosage revealed no effects on fertility or mating ability. 

Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or fetal 
effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was associated with a 
incidence of abortion and maternal death, neither considered teratogenic. There are, however, no adec 
and well-controlled studies in pregnant women. Because animal reproduction studies are not al 
predictive of human response, this drug should be used during pregnancy only if clearly needed. 
Nursing Mothers—Excreted in human milk: Exercise caution. 

Pediatric Use—Satety and efficacy in infants from birth to three months have not yet been establishe 
children three months and older, higher doses have been associated with increased incidence of eosinoy 
and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been local reactions following intrave 
or intramuscular injection. Other adverse reactions have been encountered infrequently. Loca/ Reactic 
Thrombophlebitis with intravenous administration; pain, induration, and tenderness after intramus 
injections. Allergic Reactions—Rash (including exfoliative dermatitis), pruritus, eosinophilia, fever, and ı 
allergic reactions including anaphylaxis. Cardiovascu/ar—Hypotension. Gastrointestinal—Diarrhea, int 
ing documented pseudomembranous colitis during or after treatment, and, rarely, nausea and vom 
Blood—Eosinophilia, leukopenia including granulocytopenia, neutropenia, anemia, including heme 
anemia, thrombocytopenia, and bone marrow depression. A positive direct Coombs test may develi 
some individuals, especially those with azotemia. Liver Function—Transient elevations in SGOT, SGPT, sı 
LDH, and serum alkaline phosphatase; jaundice. Renal Function—Elevations in serum creatinine ai 
blood urea nitrogen levels and, rarely, acute renal failure. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained for at least 10 
to guard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal and other infec 
involving a collection of pus, surgical drainage should be carried out where indicated. Intramus 
injections should be well within the body of a relatively large muscle such as the upper outer quadrant ¢ 
buttock (i.e., gluteus maximus); aspiration is necessary to avoid inadvertent injection into a blood vessel 
total daily dosage in infants and children should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials, infusion bottles, and ADD-Vantage®* vials conta) 
1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


**Registered trademark of Ames Company, Division of Miles Laboratories, Inc. 
*Registered trademark of Abbott Laboratories, Inc. 
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Novel Therapy for the Treatment of 
Human Carcinoid 
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Development of effective treatment for patients with carcinoid 
tumors has been hampered by lack of an experimental model. 
The authors have established the only long-term cell line of a 
functioning human pancreatic carcinoid tumor (BON) that pro- 
duces tumors in nude mice. In this study the authors examined 
the effect of three agents, a-interferon (IFN), a somatostatin 
analog, SMS 201-995 (SMS), and an inhibitor of polyamine 
biosynthesis, a-difluoromethylornithine (DFMO), on the growth 
of BON tumors. BON was implanted bilaterally as 3-mm/ pieces 
(subcutaneously [sc]) into male BALB/c nude mice. In the first 
study, 23 mice were randomized to four groups: control, IFN (1 
X 10° units, sc, four times a day), IFN + SMS (300 ug/kg, 
intraperitoneally, three times a day), and IFN + 3% DFMO in 
drinking water. Treatments were initiated on day of tumor im- 
plantation. In the second study, mice were randomized to six 
groups: control, IFN, SMS, DFMO, IFN + SMS, IFN 
+ DFMO, and IFN + SMS + DFMO. Treatments were started 
on day 15 after tumor implantation. Tumor area and body weights 
were measured weekly. In both studies mice were killed on day 
28 after BON implantation and tumors removed, weighed, and 
analyzed for DNA and RNA content. In the first study, IFN 
either alone or in combination with SMS or DFMO suppressed 
BON tumor growth. When treatment was initiated after estab- 
lished tumor growth (study 2), however, the only effective treat- 
ments for suppression of growth of BON were IFN + DFMO 
and IFN + DFMO + SMS. It is concluded that combinations 
of these agents may offer an effective and relatively nontoxic 
approach for treatment of carcinoid tumors. This unique tumor 
will provide an excellent model to study effects of various treat- 
ment strategies. 


EVELOPMENT OF AN effective chemotherapeutic 
strategy for carcinoid tumors of the gut has been 
hampered by the relative rarity of the disease 
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and lack ofan in vivo model to evaluate tumor inhibition. 
In the past the treatment of carcinoid tumors of the gut 
has largely been directed toward symptomatic relief of the 
devastating sequelae of the carcinoid syndrome.'~° Com- 
binations of various chemotherapeutic agents, evaluated 
in limited clinical trials, have been ineffective in slowing 
the growth of these tumors, and, in addition, treatment 
with these toxic agents is fraught with numerous debili- 
tating side effects." 

We have been interested for years in the experimental 
investigation and development of novel and nontoxic 
agents for the treatment of gastrointestinal (GI) cancers. 
We have demonstrated that somatostatin, a peptide that 
blocks the release of growth hormone and all known GI 
hormones, and a-difluoromethylornithine (DFMO), an 
inhibitor of polyamine biosynthesis, can inhibit growth 
of animal and human gut cancers.'*"'* Recently we have 
shown that the long-acting somatostatin analog, SMS 201- 
995 (SMS), and DFMO suppress the growth of human 
pancreatic carcinoid (BON) xenografts in nude mice.’ 

Interferon-a (IFN) is a naturally occurring protein pro- 
duced by leukocytes in response to viral infections.'® Ad- 
ministration of large doses of IFN has been shown to in- 
hibit growth of a wide range of cancers.'’~*! Recent studies 
have suggested that administration of IFN can suppress 
the growth of carcinoid tumors and ameliorate symptoms 
associated with carcinoid syndrome.”?~”° In addition, IFN 
alone appears to be less toxic and more effective in pro- 
ducing subjective relief of symptoms and tumor inhibition 
than the combination of streptozocin and 5-fluoroura- 
cil (5-FU).?’ 

The purpose of the present study was to evaluate the 
effect of IFN, either alone or in combination with SMS 
or DFMO, on the growth of BON, a human pancreatic 
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carcinoid tumor that has been xenografted into nude mice. 
In the second part of this study, we evaluated these agents 
alone or in various combinations in the treatment of es- 
tablished BON tumor. 


Materials and Methods 


Human Carcinoid Tumor Line 


A specimen ofa metastatic carcinoid tumor of the pan- 
creas was obtained 5 years ago from a 28-year-old man 
at the time of exploratory laparotomy. We successfully 
established a cell line, which we call BON, in tissue culture. 
BON is currently maintained in Dulbecco’s modified Ea- 
gle’s medium (DMEM) (Gibco, Grand Island, NY) and 
F12K (Gibco) in a 1:1 ratio supplemented with 10% (vol/ 
vol) fetal calf serum (FCS) (Hyclone Laboratories, Logan, 
UT); it is passed at a 1:2 ratio when cells reach 80% con- 
fluence. Cell cultures are monitored routinely for myco- 
plasma contamination using a fluorescent stain (Hoeschst 
#33258), and no mycoplasma growth has been detected. 
BON has retained its original histologic appearance, which 
is that of a poorly differentiated neuroendocrine tumor. 
BON cells possess gastrin and somatostatin receptors and 
synthesize serotonin and chromogranin A. Single-cell 
suspensions (1 X 10’ cells) of BON cells will reliably pro- 
duce discrete encapsulated tumors when injected subcu- 
taneously into athymic nude mice. 


Animals 


Male athymic nude mice (BALB/c, 20 to 25 g, 3 to 4 
weeks of age, Life Science, St. Petersburg, FL) were housed 
under pathogen-free conditions in a temperature-con- 
trolled isolation unit with 12-hour light and dark cycles 
in accordance with the National Research Council’s Guide 
for the Care and Use of the Nude Mouse in Biomedical 
Research.” The mice were fed a standard chow (Auto- 
clavable Rodent Chow #5010, Ralston Purina, St. Louis, 
MO) and sterile water, both given ad /ibitum. 


Experimental Design 


In both experiments, dispersed BON cells (passage 8) 
from tissue culture were inoculated subcutaneously (sc) 
in four to eight nude mice (1 X 10’ cells/injection) to 
establish tumors. When tumors became approximately 
10 cm? in area, the mice were killed and tumors minced 
into 3-mm? pieces, which were then implanted bilaterally 
into the flanks of nude mice. 

In the first experiment, 23 mice were randomly allo- 
cated to receive either saline (0.1 mL, intraperitoneally 
[ip], three times a day, and 0.1 mL, sc, every morning), 
IFN (recombinant interferon-a-2a, 1 X 10° units, sc, every 
morning) alone or in combination with SMS (300 ug/kg, 
ip, three times a day), or 3% (wt/vol) DFMO (a gift from 
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W. J. Hudak, Ph.D., Manager of Research Information 
at the Merrell Research Center, Cincinnati, OH) in drink- 
ing water. Dosages for SMS and DFMO were determined 
from previous studies.'*'> The dosage of IFN was deter- 
mined from a pilot study that showed this to be the max- 
imally effective and nontoxic dose (data not shown). All 
treatments were started on the day of tumor implantation 
and continued until killing. Water bottles were covered 
to prevent light degradation. Drinking water was renewed 
every 2 days. SMS, a gift of Sandoz Research Institute, 
Hanover, NJ, and IFN, a gift of Hoffman La Roche Lab- 
oratories, Nutley, NJ, were diluted to the required con- 
centration with saline. 

The mice were weighed weekly; the tumors were mea- 
sured twice weekly by the same observer with Vernier 
calipers (Mitutoyo Corporation, Tokyo, Japan) that were 
accurate to 0.5 mm. Surface areas of the tumors were 
calculated as the product of the two greatest perpendicular 
tumor diameters, and were expressed in square milli- 
meters. Mice were killed on day 28 by cervical dislocation, 
and tumors were removed, weighed, and frozen at —70 
C until assayed for DNA and RNA content. 

In the second experiment, BON tumor chunks were 
implanted bilaterally into the flanks of 40 athymic nude 
mice. On day 14, all mice were weighed and tumors mea- 
sured. The mice were then randomized to seven treatment 
groups: control (saline, 0.1 mL, ip, three times a day, and 
0.1 mL sc, every morning), IFN (1 X 10° units, sc, every 
morning), SMS (300 ug/kg, ip, three times a day), 3% 
DFMO, IFN + SMS, IFN + 3% DFMO, or the combi- 
nation of all three agents. Treatment was started on day 
15 and continued until killing. Body weights and tumor 
areas were measured twice weekly. Mice were killed on 
day 28 after tumor implantation. Tumors were removed, 
weighed, and frozen at —70 C until analysis. 
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FIG. 1. BON tumor area (mmô) in relation to time from implantation 
comparing interferon-a (FN) (1 X 10° units, sc, every morning; single- 
hatched bars, n = 12 tumors), IFN + SMS 201-995 (300 ug/kg, ip, tid; 
double-hatched bars, n = 12 tumors); and the combination of IFN + 3% 
DFMO (closed bars, n = 10 tumors) to control group (open bars, n = 12 
tumors). (* = p < 0.05 versus control, one-way ANOVA). 
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DNA and RNA Analysis 


Tumors were thawed, homogenized, extracted, and an- 
alyzed for DNA and RNA by methods that we have pre- 
viously described.” 


Statistical Analysis 


Results are expressed as the mean + standard error of 
the mean and were analyzed using one-way analysis of 
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FIG. 2. Tumor weight (g), DNA and RNA content (mg) of BON tumors 
in control group (open bars, n = 12), IFN group (single-hatched bars, n 
= 12), IFN + SMS 201-995 (double-hatched bars, n = 12), IFN + DFMO 
(closed bars, n = 10) when killed (* = p < 0.05 versus control; + = p 
< 0.05 versus IFN; one-way ANOVA). 
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FIG. 3. Body weights (g) of mice at time of initiation of treatment (day 
14) and final body weights when killed (day 28). 


variance (ANOVA) at the 0.05 level of significance. Mean 
values were separated using Fisher’s least significant dif- 
ference procedure. 


Results 
Experiment 1 


There were no significant differences in final body 
weight in treated mice compared with the control group. 
Food and water intake were monitored and there were 
no differences in consumption between groups (data not 
shown). 

Figure 1 demonstrates BON tumor progression in 
square millimeters over the 28-day treatment period. IFN, 
administered alone or in combination with either SMS 
or DFMO, significantly inhibited tumor area by day 7; 
inhibition continued to the time of killing (day 28). Tu- 
mors treated with IFN + DFMO were significantly smaller 
than those treated with IFN alone. Tumor weight, DNA, 
and RNA contents are shown in Figure 2. The mean tu- 
mor weight of the IFN-treated group was 63% of that of 
the control group; DNA content was 73% and RNA con- 
tent 71% of controls. Combining SMS with IFN produced 
no further decreases in tumor values compared with IFN 
alone; however, the combination of IFN + DFMO was 
statistically more effective in suppressing tumor weight 
and RNA content. 


Experiment 2 


Body weights of mice were similar at the time treatment 
was begun, and there were no differences in final body 
weights at time of killing (Fig. 3). 

Tumor areas were similar in all groups before initiating 
treatment (Fig. 4). After 2 weeks of treatment, only 3% 
DFMO, as a single agent, was effective in inhibiting final 
tumor area. Inhibition of BON tumor area by IFN 
+ DFMO and the combination of all three agents was 
similar to that of DFMO alone (Fig. 4). 

Tumor weights and DNA content are shown in Figure 
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FIG. 4. BON tumor area (mm?) at time of initiation of treatment (day 14) 
and final tumor area after 2 weeks treatment (day 28). 


5. Similar to results of tumor area, neither IFN nor SMS 
were effective in suppressing tumor weight or DNA when 
administered as single agents. Although tumor area was 
suppressed by DFMO alone, weight and DNA content 
were not affected. IFN + DFMO and the combination of 
all three agents significantly inhibited BON weight and 
DNA content. Analysis of the seven groups by ANOVA 
demonstrated no significant differences in tumor RNA 
content (p = 0.08); however the same general trend in 
mean values exists as noted with area, weight, and DNA, 
even though statistical significance was not obtained (Ta- 
ble 1). 


Discussion 


The human pancreatic carcinoid cell line, BON, grows 
as discrete masses when injected subcutaneously into 
athymic nude mice, thus providing a unique opportunity 
to evaluate in vivo effects of various chemotherapeutic 
agents on the growth of a functioning human foregut car- 
cinoid tumor. 

Recently several clinical studies have evaluated the ef- 
fect of IFN on the growth and symptomatic relief in pa- 
tients with carcinoid tumors.” 6 Significant subjective 
improvement in symptoms associated with decreases in 
5-HIAA levels was reported, with median duration of re- 
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sponse varying from 6 to 34 months. Tumor size remained 
stable or actually decreased in 40% to 80% of patients in 
these series. In addition, in a randomized controlled study 
of IFN compared with combination treatment of strep- 
tozocin and 5-FU, IFN treatment was judged superior 
based on a significantly higher proportion of patients who 
demonstrated stable disease and less side effects. Other 
reports of IFN therapy for carcinoid tumors have been 
less encouraging. Initial good results were short-lived in 
a series by Moertel and colleagues,” who noted subjective 
improvement in 65% of patients and a decrease in tumor 
size in 20%; however, the median duration of response 
was only 7 weeks. In our present study, IFN, administered 
as a single agent, inhibited growth of BON when treatment 
was initiated at time of tumor placement; however, when 
treatment was begun after established tumor growth, no 
significant inhibitory effects were noted. 

We?! recently reviewed the effects of somatostatin on 
growth of both solid and endocrine cancers. Antitumor 
effects of somatostatin appear to be mediated both by a 
direct action by specific somatostatin receptors and by an 
indirect effect by decreasing secretion of gut hormones 
and other growth factors. In contrast the action of DFMO 
is quite specific. a-Difluoromethylornithine blocks pro- 
duction of polyamines by inhibiting ornithine decarbox- 
ylase, the rate-limiting enzyme in polyamine biosyn- 
thesis.*” Polyamines are the building blocks of proteins 
and are essential for rapidly dividing tissues. We have 
previously shown that the long-acting somatostatin ana- 
log, SMS, and DFMO were equally effective in inhibiting 
BON tumor growth when administered at time of tumor 
placement.'° In the present study, only DFMO was effec- 
tive as single-agent therapy in suppressing area of estab- 
lished BON tumors. Tumor weight, DNA, and RNA con- 
tents were not suppressed with any of the agents admin- 
istered alone. From these results, it appears that these 
agents, at the doses administered, are not effective as sin- 
gle-agent therapy in suppressing established tumor growth. 

The combination of chemotherapeutic agents that block 
tumor growth at different steps in the cell cycle are more 
effective than single-agent therapy. Similarly, in our pres- 


FIG. 5. BON tumor weight (g) 
and DNA content (mg) com- 
paring interferon-a (IFN) (1 
X 10° units, sc, every morn- 
ing), SMS 201-995 (300 ug/ 

7 kg, ip, tid), 3% DFMO, IFN 
+ SMS, IFN + DFMO, and 
IFN +SMS + DFMO. (n 
= 10 to 12 tumors/group; 
* = p < 0.05 versus control, 
one-way ANOVA). 
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TABLE 1. Effect of Therapy on BON Tumor RNA Content 


Tumor RNA Content (mg) 


Control 20 +03 
IFN 2.1 + 0.6 
DFMO 1.5+0.3 
SMS 2.3+0.3 
IFN + SMS L5 £03 
IFN + DFMO L403 
IFN + SMS + DFMO 0.9+0.2 


Values indicate the mean + SEM (n = 10 to 12 tumors/group). 


ent study, various combinations were found to be more 
effective in suppressing BON growth; however, unlike 
traditional chemotherapeutic regimens, there was not an 
associated increase in morbidity rate. Combining IFN with 
DFMO inhibited BON tumor weight and RNA content 
more than IFN alone when treatment was started at time 
of tumor implantation. The combination of IFN 
+ DFMO and IFN + DFMO + SMS suppressed estab- 
lished BON tumor growth when compared with controls 
in the second study. Mean values of area, weight, and 
DNA content were decreased in those tumors treated with 
all three agents; however these did not represent significant 
differences compared with DFMO alone or IFN + SMS 
or DFMO. It is possible that a longer treatment period 
would have demonstrated a greater tumor suppression 
after administration of all three agents. 

The molecular mechanisms responsible for the anti- 
tumor effect of IFN are not completely understood. a- 
Interferon induces a specific protein kinase that phos- 
phorylates eukaryotic-initiation-factor 2 (eIF-2), which 
prevents subsequent translation**** and, therefore, sup- 
presses protein synthesis. An additional possible mecha- 
nism of IFN action could be a reduction of c-myc mRNA 
levels, which has been noted in correlation with a cessation 
of growth after IFN treatment; however these findings 
appear tissue specific and do not occur in all circum- 
stances.*> 

The mechanism underlying the enhanced suppression 
of BON tumor with interferon in combination with 
DFMO is not clear. Sunkara and colleagues’ noted a 
similar effect of IFN combined with DFMO in treating a 
melanoma cell line and a human lung cancer line. In 
their study, polyamine levels were decreased after DFMO 
but not IFN. We could postulate that tumor inhibition is 
attained at multiple levels (e.g., inhibition of polyamine 
biosynthesis, protein translation, and oncogenes asso- 
ciated with cell growth), and, therefore, this therapy is 
more effective because of a block in multiple pathways 
necessary for cell growth. 

In conclusion we found that IFN alone suppresses BON 
tumor growth when started at the time of initial tumor 
placement; however, there was no effect on established 
tumor growth when given alone. Combination of IFN 
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with DFMO or IFN + DFMO + SMS produced signifi- 
cant suppression of established tumor growth without an 
associated increase in toxicity. Therapeutic use of these 
agents in combination may offer an effective and relatively 
nontoxic alternative in the treatment of carcinoid tumors. 
The tumor line BON should prove to be a useful model 
to determine the most effective treatment schedules and 
dosages. 
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DISCUSSION 


Dr. JOHN MCDONALD (Shreveport, Louisiana): It is not surprising 
that a somatostatin analogue and/or an inhibitor of polyamine synthesis 
will inhibit the implantation of tumor. There are data from others that 
suggest that growth factors and polyamine are required for metastases 
to become established. And I suppose the implantation of these tumor 
cells is more akin to the metastatic process than to de novo tumor growth, 
which probably explains why there was a less impressive effect on estab- 
lished tumor growth in their second experiment. 

The effect of interferon is more perplexing, because, to my knowledge, 
the known pathways of interferon action involve primarily its effect on 
thymic-derived lymphocytes, of which the nude mice has none. 

I would ask the investigators how they envision interferon producing 
its effect in this model. Second the paper suggests that this may be a 
means of treating carcinoid tumor. What evidence have we to believe 
that these cells, passed in culture many times and implanted into an 
immunologically incompetent animal, behave in any way like the original 
tumor? For example, does it metastasize? Does it grow to kill the animal, 
and so forth? 

Finally will these agents affect other cell lines of human tumor or 
some of the many established animal tumors available for study? In 
other words, how specific or general is the effect produced here? 

The concept of developing tumor treatment with nontoxic biologic 
agents seems to me to be very important, and these studies are encouraging 
steps in that direction. 


DR. MARSHALL URIST (Birmingham, Alabama): The authors appear 
to have developed a very challenging model that, in many ways, repeats 
the properties of the naturally occurring tumor. 

In the experiments that they have shown, treating the tumors at the 
time of implantation has been effective; however when established tumors 
are present, the challenge is much greater. 

I, therefore, would like to ask what happens when treatment is con- 
tinued beyond 2 weeks in those animals that have therapy established 
after the tumor has begun to grow? Are there any circumstances under 
which actual tumor regression can be observed? 

The use of these agents in human trials initially appears to be rewarding; 
however in further trials the high response rates are found to be brief 
and, in fact, there has been no demonstration that treatment with these 
particular agents has any effect on overall patient survival. 

Because these are functioning tumors, is there any evidence that the 
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use of these different agents does, in fact, inhibit the proliferation of these 
different compounds from the tumors? 

What is the mechanism of action in this situation, especially the com- 
bination of all three agents? 


Dr. PAUL JORDAN (Houston, Texas): I just wondered, Dr. Townsend, 
what the definition for a carcinoid was. I think you gave us that in the 
beginning, but I wonder—where does the microcarcinoidosis of the 
stomach that we are hearing about now fit? That is supposed to come 
from an ECL-like cell. Is it a different kind of carcinoid? Do you expect 
this method of treatment to work for all carcinoids, regardless of what 
hormone the tumor makes? 


Dr. MARK EVERS (Closing discussion): Dr. McDonald asked about 
the mechanism of action of a-interferon in our model. Specifically was 
this a direct antitumor effect or were the effects indirect as a result of 
enhancing the immunologic system? We believe that the effects of in- 
terferon were directly mediated. Studies have shown that a-interferon 
can directly inhibit protein synthesis at either the transcriptional or 
translational level. In addition we have treated BON cells in vitro with 
a-interferon and have noted a similar, dose-related inhibition of tumor 
growth. 

The second question was regarding the characteristics of our tumor 
line compared with the original patient tumor. For all of our studies, we 
use BON cells in early passage (that is passages 8 to 12). Histologically, 
these tumors are identical to the original tumor. In addition, they produce 
serotonin, pancreastatin, neurotensin and chromogranin A as was noted 
from the original operative specimen. The BON tumors in nude mice 
grow as discrete tumors and do not metastasize. 

The last question was whether we have examined the effect of so- 
matostatin or DFMO on the growth of other tumors. Our laboratory 
has worked extensively with both agents and have found a wide range 
of inhibitory effects on pancreatic, stomach, and colon cancers. 

Dr. Urist asked whether these agents decrease either the synthesis or 
release of secretory products. We have not studied the effects of either 
DFMO or a-interferon on secretion; however we have studied the effects 
of somatostatin and found a decrease in both the synthesis and release 
of serotonin. 

Finally Dr. Jordan asked whether gastric carcinoid tumors arise from 
the same cell type. To our knowledge, carcinoid tumors have been de- 
scribed in almost every organ in the body and all arise from Kulschitzsky 
cells. 
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Acute rupture was confirmed at operation in 117 patients treated 
for descending thoracic or thoracoabdominal aortic aneurysm. 
Descending thoracic (n = 80) aortic rupture occurred into lung 
or esophagus in 8, the pleural cavity in 49, and the mediastinum 
in 23. Upper abdominal aortic (n = 37) rupture occurred into 
peritoneal cavity in 3 and into retroperitoneal tissues in 34. 
Aneurysmal size (range, 5 to 17 cm; median, 8 cm) could be 
determined retrospectively in 86 patients; 59 (74%) descending 
thoracic and 27 (73%) abdominal aorta. Size (external diameter) 
in the former was 8 (14%), 5 to 6 cm; 21 (36%), 6 to 8 cm; 23 
(39%), 8 to 10 cm; and 7 (12%) > 10 cm. Size at the abdominal 
site was similar. Thus size was not greater than 10 cm in 52 
(88%) (range, 5 to 10 cm), which contradicts opinions that tho- 
racic aneurysms rupture only when size exceeds 10 cm. Twenty- 
nine patients (25%) were hypotensive (systolic blood pressure 
less than 100 mmHg), of whom 16 (55%) had cardiac arrest 
before operation. Associated conditions included advanced age 
(>75 years) in 26 (22%), coronary artery disease in 41 (35%), 
chronic obstructive pulmonary disease in 46 (39%), renal insuf- 
ficiency in 25 (21%), and cardiovascular disease in 22 (18%). 
The overall early survival rate (30-day) was 89 of 117 patients 
(76%); 69% in patients with hypotension, 56% of patients with 
cardiac arrest, 88% in good-risk patients. Five-year (Kaplan- 
Meier) survival was 28%. Because elective operation is associated 
with 92% survival, this should be considered before rupture when 
aneurysm is 5 cm or larger in good-risk patients, in patients with 
symptomatic aneurysms, and in most patients with larger aneu- 
rysms. 


NEURYSMS OF THE descending thoracic and 
thoracoabdominal aorta may be associated with 
a variety of complications; however the most se- 
rious is rupture because it leads to death in most cases. 
Natural history studies of patients with untreated aneu- 
rysms of the thoracic aorta suggest 5-year survival varying 
from 7% to 20%, depending on cause; dissection, 7%; and 
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nondissection, 20%.'~* Similar studies of patients with 
thoracoabdominal aortic aneurysms indicate less than 
20% survived for 5 years.* To be sure, the cause of death 
in many of these patients was associated disease, but the 
most common cause, Occurring in more than one half, 
was rupture of the aneurysm. 

Rupture of ascending aortic and abdominal aortic 
aneurysms has been related to size in several studies.*® It 
has been reported that rupture from laceration (simple 
bursting of aortic wall) or dissection occurs with increasing 
frequency in patients with aneurysms of the ascending 
aorta as the diameter increases beyond 5 cm.° Studies 
indicate that most aneurysms of the abdominal aorta are 
5 cm or greater in diameter at the time of rupture. Based 
on one follow-up study of descending thoracic aortic 
aneurysms in which rupture occurred in 10 patients, and 
the aneurysm in only one patient was less than 10 cm in 
diameter, the conclusion made was that rupture of de- 
scending thoracic aortic aneurysms rarely occurs in pa- 
tients with aneurysms less than 10 cm in diameter.’ Thus 
the opinion expressed by some authors is that aneurysms 
of the descending thoracic aorta that are less than 10 cm 
in diameter should be treated conservatively and that op- 
erative treatment should be reserved only for those with 
aneurysms greater than 10 cm in diameter.*” 

Our observations in the treatment of patients with rup- 
ture of the aortic segment of aneurysms of the descending 
thoracic and thoracoabdominal aorta suggested that rup- 
ture occurred in smaller aneurysms and that operation 
should be considered in patients with aneurysms whose 
diameters are less than 10 cm. This report is concerned 
with a retrospective review of 117 patients treated for acute 
rupture of the descending thoracic and thoracoabdominal 
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aorta and an analysis according to size, treatment, and 
results in these cases as compared with those who had 
operation for aneurysms that had not ruptured. 


Methods 


Acute aortic rupture for purposes of this study was de- 
fined as loss of continuity of aortic wall in the region of 
aneurysm associated with fresh blood outside the wall of 
the aneurysm. The charts and roentgenographic records 
of all patients with aneurysms of the descending thoracic 
aorta (n = 726) treated between May 1962 and June 1, 
1990 and all patients (n = 1400) with thoracoabdominal 
aortic aneurysms treated between June 20, 1960 and June 
1, 1990 were reviewed retrospectively. Acute rupture, as 
defined, was found in 40 (5.5%) of the former and 77 
(5.5%) of the latter patients. Of these 117 patients, 73 
(62%) were men and 44 (38%) were women. Their ages 
ranged from 16 to 87 years with a median age of 69 years. 
The women tended to be older, with a median age of 71 
years compared to 67 years for men. 

Pertinent data relating to possible preoperative risk fac- 
tors, intraoperative variables, and postoperative results 
were recorded and stored on computer for analysis. 


Statistical Methods 


Standard methods incorporating the BMDP statistical 
software package (BMDP Statistical Software Incorpo- 
rated, Los Angeles, CA) were used. Univariate (Pearson 
chi square test, BMDP4F) and multivariate (stepwise lo- 
gistic regression, BMDPLR) analyses were used to identify 
statistically significant clinical predictors of early death. 
The chi square test determines whether a statistically sig- 
nificant association exists between early death and an in- 
dividual study factor (ignoring other factors). Stepwise 
logistic regression selects from the study factors a set of 
independent risk factors that demonstrated a simultaneous 
significant association with early mortality. The Kaplan- 
Meier technique was used to estimate long-term survival, 
and confidence intervals were computed to indicate the 
relative precision of the estimates. Factors studied include: 
preoperative cardiac arrest, preoperative hypotension, type 
of rupture (contained or free), location of rupture (lung/ 
esophagus, thorax, abdomen), interval from aneurysm 
diagnosis to aneurysm rupture, interval from acute symp- 


TABLE 1. Interval Between Diagnosis of Aneurysm and Onset 
of Symptoms (108 Patients with Data) 


Interval No. of Patients 
1-6 days 33 (31%) 
7-29 days 19 (18%) 
1 month-2 years 30 (28%) 
2-10 years 26 (24%) 
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TABLE 2. Interval Between Change in Symptoms 
and Operation (114 Patients) 


Interval No. of Patients 
<24 hours 18 (16%) 
| day 17 (15%) 
2 days 18 (16%) 
3-6 days 22 (19%) 
7-14 days 24 (21%) 
2 weeks—4 months 15 (13%) 


toms to operation, size of aneurysm, sex, age, presence of 
hypertension, chronic obstructive pulmonary disease 
(COPD), atherosclerotic heart disease, preoperative renal 
dysfunction, cerebrovascular disease, diabetes mellitus, 
concurrent aortic aneurysm or previous repair, Marfan’s 
syndrome, aortic dissection, fever, pleural effusion, emer- 
gency nature of operation, pump-bypass use, period of 
operation, extent replaced, aortic cross-clamp time, pul- 
monary complications, stroke complications, cardiac 
complications, reoperation for postoperative bleeding, 
wound complications, vocal cord paralysis, hemodialysis, 
and neuromuscular dysfunction. Thus a total of 33 factors 
were studied: 20 preoperative, 5 intraoperative, and 8 
postoperative. Because of the post hoc nature of the sta- 
tistical analysis, the large number of significant tests per- 
formed, and the small number of patients involved in 
some of the comparisons, the reported p values should 
be interpreted with caution. 


Pathology 


The cause of aneurysm was aortic dissection in 5] 
(44%), acute in 11 and chronic in 40, and nondissection 
in 66 (56%). Those patients with rupture from aneurysms 
due to trauma, false aneurysms occurring after previous 
operations, infection, and chronic contained rupture from 
any cause were excluded from the study. Marfan’s syn- 
drome, occurring in the younger patients, was present in 
eight (7%) of the patients. 

The interval between the diagnosis of aneurysm and 
onset or change in symptoms varied from 1 day to 10 
years with a median of 30 days in the 108 patients in 
whom this data was available (Table 1). The interval be- 
tween onset of acute symptoms, suggesting change in the 
nature of the aneurysm or rupture, and operation varied 
from 0 to 120 days (median, 3 days) in the 114 patients 
with available data (Table 2). 

Of the 77 patients with thoracoabdominal aortic aneu- 
rysms, rupture occurred in the upper abdominal aortic 
segment of aneurysm in 37 and the thoracic aortic segment 
in 40. Thus in this series of 1 17 patients, rupture occurred 
in the thoracic aortic segment in 80 (68%) patients and 
the abdominal segment in 37 (32%) patients. 

Rupture occurred into the lung, tracheobronchial tree, 
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or esophagus in 8 (7%), the pleural cavity or the medias- 
tinum in 72 (62%), or the retroperitoneum or the abdom- 
inal cavity in 37 (32%) patients. Bloody pleural fluid was 
present in 62 (54%) of the patients. 

The size of the aneurysm at the level of rupture could 
be estimated by retrospective review of the preoperative 
studies in 86 patients (74%), 74% (59 of 80) of those with 
rupture in the descending thoracic aorta and in 73% (27 
of 37) of those with rupture in the upper abdominal aorta. 
The roentgenographic studies available in these cases in- 
cluded aortograms in 44, computed tomography (CT) 
scans in 38, magnetic resonance imaging in 3, and ultra- 
sound in | patient. 

The aneurysm diameter at the rupture site varied from 
5 cm to 17 cm (median, 8 cm) (Tables 3 through 5). The 
size of ruptured descending thoracic aortic aneurysms was 
less than 10 cm in 52 (65%) of the 80 patients with rupture 
at this level and in 22 (81%) of the 27 patients who had 
rupture in the upper abdominal segments of thoracoab- 
dominal aortic aneurysms (Table 5). Size of ruptured 
aneurysms varied with cause. The median diameter of 
ruptured acute dissections of the descending thoracic aorta 
was 7 cm; chronic dissection, 8 cm; and nondissection, 9 
cm. Of the 10 patients with rupture of acute dissection of 
the descending thoracic aorta, however, the diameter at 
the rupture site was 5 to 6 cm in 4 patients (40%), 6.1 to 
8 cm in 4 (40%), 8.1 to 10 cm in 1 (10%), and 10.1 to 18 
in 1 (10%) (Table 4). The median aneurysm diameter in 
abdominal ruptures for both chronic dissection and non- 
dissection aneurysms was 8 cm (Table 5). There were no 
ruptured acute dissections in the abdominal aorta. 


Clinical Manifestation 


The aneurysm was known to be present from plain 
chest x-rays, aortograms, or CT scans from | day to 10 
years before rupture in 52% of patients (Table 1). Elective 
operation either had been declined by the patient or had 
not been recommended either because of age, associated 
disease, or diffuse nature of the aneurysm. The present 
illness had been heralded by chest, back, or abdominal 
pain, hemoptysis, hematemesis, or cardiovascular col- 
lapse. The aneurysm in 18 patients ruptured within 10 


TABLE 3. Estimated Aortic Diameter at Site of Rupture 
(86 Patients with Available Data) 


Size Range 
(cm) Abdomen Thorax Total 
5.0-6.0 3 (11%) 8 (14%) 11 (13%) 
6.1-8.0 13 (48%) 21 (36%) 34 (40%) 
8.1-10.0 6 (22%) 23 (39%) 29 (34%) 
10.1-17.0 5 (19%) 7 (12%) 12 (14%) 
Total 27 (100%) 59 (100%) 86 (100%) 
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TABLE 4. Thoracic Aortic Diameter at Time of Rupture 
According to Etiology 
Acute Chronic 
Dissection Dissection Non-dissection 
Number of patients 10 20 29 
Median size 7.0 8.0 9.0 
Size range (cm) 
5.0-6.0 4 (40%) 2 (10%) 2 (7%) 
6.1-8.0 4 (40%) 10 (50%) 7 (24%) 
8.1-10.0 1 (10%) 6 (30%) 16 (55%) 
10.1-17.0 1 (10%) 2 (10%) 4 (14%) 


minutes to 6 hours of admission to the hospital (for im- 
minent repair in 4); or during the postoperative period, 
after a first-stage prophylactic operation to reduce the risk 
of aneurysm operation in 4 patients, or after a coronary 
artery bypass graft in 1, carotid endarterectomy in 1, aortic 
valve replacement (AVR) ascending aorta and transverse 
aortic arch replacement in 1, and abdominal aortic aneu- 
rysm replacement in |. The aneurysms ruptured during 
chest entry or exposure in four patients. Rupture also oc- 
curred | to 8 days after hospital admission for elective 
repair in six other patients. The delay of elective operation 
for these patients was for medical treatment of lung in- 
fection, renal failure, or skin infection at the prospective 
incision site. The aneurysm ruptured elsewhere in 99 pa- 
tients, and these patients were transferred from other hos- 
pitals. Of these, seven were hypotensive before transfer. 
Twenty-two additional patients became hypotensive (sys- 
tolic blood pressure less than 100 mmHg) at our hospital. 
Of these 29 hypotensive patients, 16 developed cardiac 
arrest and required cardiopulmonary resuscitation at our 
hospital. 

Lung and tracheobronchial-aortic fistula was mani- 
fested by hemoptysis or blood spitting of mild degree for 
periods up to several weeks, but admission or transfer to 
us was precipitated by massive hemoptysis. Aortic esoph- 
ageal fistula, occurring in three patients, was manifested 
first by dysphasia, then with gradual onset of anemia and 
occult bleeding, then finally with massive hematemesis at 
the time of transfer. One patient had both aortoesophageal 
and aortobronchial fistula. The latter three patients have 


TABLE 5. Abdominal Aortic Diameter at Time of Rupture 
According to Etiology 


Chronic 
Dissection Non-dissection 

Number of patients 6 21 
Median size 8.0 8.0 
Size range (cm) 

5.0-6.0 2 (33%) 1 (5%) 

6.1-8.0 2 (33%) 11 (52%) 

8.1-10.0 1 (17%) 5 (24%) 

10.1-17.0 1 (17%) 4 (19%) 
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been reported in detail elsewhere. All of these patients 
had pain as described above. Aneurysm of the descending 
thoracic aorta was manifested by chest, back, or shoulder 
pain. Rupture in abdominal segments of thoracoabdom- 
inal aortic aneurysms was manifested by development or 
increase in abdominal, left flank, left shoulder, or back 
pain. Associated conditions included COPD in 46 (39%), 
history of hypertension in 91 (78%), arteriosclerotic heart 
disease in 41 (35%), cerebrovascular disease in 22 (19%), 
preoperative renal dysfunction (creatinine level more than 
2 mg/dL) in 25 (21%), and diabetes in 9 (8%) patients. 
Either previous aortic aneurysm operations had been per- 
formed for distal aneurysms or other aneurysms were still 
present in 59 (50%) of the patients. 


10-12 


Treatment 


Of the 16 patients who had cardiac arrest, three died 
by the time of arrival in the operating room; in other 
words, they had dilated fixed pupils, all reflexes had dis- 
appeared, and there were no signs at efforts of spontaneous 
respiration. These patients were not submitted to opera- 
tion. Operation was employed in the treatment of the 
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remaining | 14 patients according to technique described 
in detail elsewhere.'°-'? 

Simple proximal aortic cross-clamp was used in patients 
being resuscitated for cardiac arrest, in patients with severe 
hypotension, and in most patients with normal or stable 
cardiovascular hemodynamics, as illustrated by the fol- 
lowing case report. 


Case Reports 
Case 1 


Example of patient with hypotension and cardiopulmonary arrest 
treated by simple cross-clamp and blood volume resuscitation and graft 
replacement (Fig. 1). 

A 56-year-old man with symptomatic aneurysm of the descending 
thoracic aorta awaiting operation in the intensive care unit developed 
chest pain, severe hypotension, and cardiac arrest. Cardiorespiratory re- 
suscitation and blood transfusion were begun immediately and the patient 
was transferred to the operating room. The left chest was opened and 
the aorta exposed and clamped immediately distal to the left subclavian 
artery. The heart was resuscitated with massage, and blood pressure was 
restored to normal with blood transfusions. The aortic graft was inserted 
rapidly in a routine fashion with a cross-clamp time of 15 minutes and 
a relative cerebral ischemic time of approximately 19 minutes (time 
between arrest and restoration of normal brachiocephalic blood flow). 
This patient developed seizures and encephalopathy after operation but 
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Fics. 1A and B. Illustration of a patient with rupture of a symptomatic aneurysm of the descending thoracic aorta. (A) Drawing and aortogram 
shows location and extent of descending thoracic aortic aneurysm. (B) Drawing and aortogram shows graft in place and functioning. 
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gradually recovered normal cerebral function within a period of 2 weeks. 
However he had persistent paresis of the lower extremities. He later had 
successful graft replacement of infrarenal abdominal aortic aneurysm 
and left nephrectomy for cancer of the kidney 

Aortoesophageal fistula was treated by in situ graft replacement of the 
aortic aneurysm combined with esophagectomy and gastroesophagos- 
tomy in one, total thoracic esophagectomy with tube gastrostomy and 
end cervical esophagostomy with later esophageal reconstruction by colon 
interposition in one, and primary esophageal repair with coverage by 
omental pedicle hinged on the left gastroepiploic vessels in one patient, 
as previously described.'°"'? Pulmonary and bronchopleural defects were 
treated by continuous chest tube drainage. Local and sputum cultures 
were obtained in the latter cases. Appropriate high-dose intravenous an- 
tibiotics were given intravenously for | month, then oral antibiotics were 
continued forever afterwards in all five cases with tracheobronchial or 
aortoesophageal fistulae. 

Femoral vein to femoral artery cardiopulmonary bypass was employed 
in treatment of 23 (20%) patients who were considered possible candidates 
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for profound hypothermia and circulatory arrest.'* The latter technique 
was actually used in seven patients. The principal indications for the 
latter procedure in these cases were to avoid entering the aneurysm during 
exposure of the proximal aortic segment for clamping, to arrest the cir- 
culation to complete aortic operation in patients in whom aortic bleeding 
occurred during the operation, and to avoid entering the aneurysm during 
chest opening for the operation. The various strategies of its application 
are illustrated by the following brief case reports. 


Case 2 


Hypothermic arrest to prevent bleeding during proximal aortic exposure 
for clamping. A 75-year-old man who had symptomatic degenerative 
aneurysmal disease of the ascending aorta, transverse aortic arch, and 
descending thoracic and upper abdominal aorta was admitted, 5 years 
after graft replacement of the infrarenal abdominal aorta for aneurysm. 
He had chest pain but stable cardiovascular hemodynamics and normal 
blood pressure. Both the preoperative CT scan and observations at op- 
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FIGS. 2A-F. Illustration of a patient with contained rupture of the upper descending thoracic aorta treated by graft replacement using bypass and 
profound hypothermic arrest without clamping. (A-B) CT scan shows left pleural fluid and blood clot surrounding the transverse aortic arch and 
descending thoracic aorta. (C) Drawing and aortogram made before operation showing location and extent of aneurysm disease. (D) Method of 
cardiopulmonary bypass using pump oxygenation, heat exchanger, and femoral artery and vein cannulation. (E) Method of aortic reconstruction. 
(F) Drawing and aortogram made after operation showing graft in place and functioning. 
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eration showed the upper mediastinum to be filled with fresh clot, and 
the site of proximal aortic rupture could not be determined for isolation 
of uninvolved proximal segment for clamping without exploration that 
may have caused uncontrollable hemorrhage (Fig. 2A). Cardiopulmonary 
bypass with femoral vein and femoral artery cannulation was instituted 
and the nasopharyngeal and rectal temperatures were reduced until the 
electroencephalogram (EEG) became silent. Cardiopulmonary bypass 
was discontinued and circulation arrested. Without clamping the aorta 
was replaced from just above the coronary artery origin to just above 
the renal arteries by the technique shown in Figure 2D through E.” Air 
was removed from the heart and graft, then cardiopulmonary bypass 
resumed, the heart restarted, and the patient rewarmed to normal tem- 
perature. He recovered uneventfully (Fig. 2F). 


membrane 
oxygenator 


roller 
pump 


heat 
exchanger 
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Case 3 


Hypothermic arrest to prevent uncontrollable hemorrhage during chest 
opening. A 77-year-old woman who had had ascending aortic replacement 
for acute aortic dissection 22 years before admission and upper descending 
thoracic aortic replacement for chronic dissection 17 years before entry 
presented with lower left chest pain, left pleural effusion, a pulsating 
mass under the scar of the previous operation, and hypotension (Fig. 3). 
Computed tomography scan showed a large aneurysm of the descending 
thoracic aorta extending into the chest wall in the region of the last 
operation (Figs. 3A to C). To prevent rupture and fatal hemorrhage on 
opening the chest, cardiopulmonary bypass, profound hypothermia, and 
circulatory arrest was achieved first using the method described in case 
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FIG. 2. (continued ) 
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2.1? The chest was then opened and the aneurysm was successfully re- 
placed with a Dacron tube graft. Air was evacuated, cardiopulmonary 
bypass restarted, and the patient rewarmed to normal temperature. She 
recovered from operation. 


Case 4 


The use of hypothermic arrest in patients in whom rupture occurred 
during dissection and simple cross-clamping. A 60-year-old man devel- 
oped bleeding in the upper descending thoracic aorta during exposure 
and clamping for aneurysm of the descending thoracic aorta. The clamp 
was removed and the bleeding was controlled by pressure. Cardiopul- 
monary bypass, profound hypothermia, and circulatory arrest were ob- 
tained as in cases | and 2. The aneurysm was replaced, without aortic 
clamping, circulation resumed, the patient was rewarmed and he recov- 
ered satisfactorily and later had successful replacement of a thoracoab- 
dominal aortic aneurysm involving the lower thoracic and abdominal 
aorta. 


Case 5 


Example of a patient who had cardiopulmonary bypass, mild hypo- 
thermia, and ischemic arrest instituted after rupture. A 65-year-old man 
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with a ruptured aneurysm of the upper descending thoracic aorta was 
found to have 1.5 L of fresh blood in the pleural cavity, a large hematoma 
in the mediastinum surrounding the transverse aortic arch and the upper 
descending thoracic aorta. The left lung was adherent to this mass. To 
avoid opening the rupture site by dissection for exposure for proximal 
clamping, cardiopulmonary bypass was established as above and cooling 
was begun. The aneurysm spontaneously ruptured into the left pleural 
space when the nasopharyngeal temperature was only 33 C and while 
the EEG was still very active. The bleeding could not be controlled by 
pressure and exposure for proximal clamping could not be safely obtained. 
The patient was allowed to exsanguinate into the left chest. The hepa- 
rinized blood was aspirated into the cardiopulmonary bypass reservoir. 
The heart spontaneously fibrillated and arrested. The aneurysm was in- 
cised and the graft was inserted from inside the aneurysm. Air was then 
removed, cardiopulmonary bypass resumed, the heart resuscitated, and 
the body rewarmed to normal. The total period of mild hypothermic 
cardiac arrest and cerebral ischemia was 12 minutes. This patient re- 
covered completely from operation. 


Case 6 
Example of patient who had ischemic arrest from hemorrhage and 
shock resuscitated by cardiopulmonary bypass and proximal perfusion 
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FIGS. 3A-D. Illustration of a patient with rupture of a descending thoracic aortic aneurysm that is penetrating the chest wall. (A-C). CT scans show 
an aneurysm of the ascending aorta and a large aneurysm of the descending thoracic aorta eroding into the left chest wall and left pleural fluid. (D) 
Drawing on left, aortogram in middle, and drawing on right that show location and extent of aneurysm and the extent of replacement using 


hypothermic arrest to prevent hemorrhage at time of chest entry. 
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TABLE 6. Causes of Death (63 Patients) 


Causes Early Late 
Cardiac 21 (75%) 19 (54%) 
Pulmonary 10 (36%) 7 (20%) 
Renal 9 (32%) 8 (23%) 
Sepsis 5 (18%) 6 (17%) 
Stroke 4 (14%) 7 (20%) 
Total 28 (100%) 35 (100%) 


through partial inserted graft. The aneurysm of a 36-year-old woman 
while being treated for leaking of the upper descending thoracic aortic 
aneurysm was suddenly entered. The distal aortic arch could not be 
safely explored for clamping. The bleeding was only partially controlled 
by pressure until cardiopulmonary bypass was instituted. Perfusion was 
inadequate to produce hypothermia. The aneurysm was opened, the 
blood aspirated into heart-lung apparatus. The heart fibrillated, and with 
circulation arrested, the proximal anastomosis was made between one 
end of the graft and the distal transverse aortic arch. The arterial perfusion 
cannula was inserted into the graft, and the air was removed from the 
proximal aorta and graft. Cardiopulmonary bypass with reinfusion of 
blood and perfusion of the heart and brachiocephalic vessels was begun. 
The heart was defibrillated. The distal anastomosis was then completed 
and circulation was restored to the lower body. The duration of cerebral 
circulatory arrest in this case was 10 minutes. This patient completely 
recovered from operation. 


Results 


Of the 117 patients treated for acute rupture of the 
descending thoracic and thoracoabdominal aorta, 89 pa- 
tients (76%) survived 30 days. The causes of early deaths 
are shown in Table 6. The most common cause of death 
was cardiac, usually myocardial infarction. All of the 18 
patients requiring subtotal replacement of the descending 
thoracic aorta survived, and 14 (64%) of 22 patients re- 
quiring total replacement of the descending thoracic aorta 
survived operation, as did 57 (74%) of the 77 patients that 
required thoracoabdominal replacement. Of the seven 
patients treated by cardiopulmonary bypass, profound 
hypothermia and circulatory arrest, six (85%) were early 
(30-day) survivors. All eight patients with aortotracheo- 


TABLE 7. Univariate Analysis of 30-Day Deaths 


Variable Odds Ratio p Value 
Cardiac arrest 

No l 

Yes 2.96 
Period of operation 

1958-1988 l 

1989-1990 0.22 
Cardiac complications 

No l 
Yes 3.27 
Postoperative hemodialysis 

No l 

Yes 4.25 


0.0458 


0.0353 


0.0356 


0.0060 
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TABLE 8. Multivariate Analysis of 30-day Mortality 


Adjusted Odds 


Variable Grouping Ratio with 95% CI p Value 
Cardiac arrest No, Yes 3.64 (0.92, 14.4) 0.069 
Year of surgery 58-88, 89-90 0.04 (0.00, 0.44) 0.0003 
Cardiac 

complications No, Yes 5.53 €1.36,. 22.5) 0.014 
Dialysis No, Yes 3.53 (1.08, 11.5) 0.037 


CI, confidence interval. 


bronchial and aortoesophageal fistulae were early survi- 
vors. Of the 16 patients who had severe hypotension lead- 
ing to cardiac arrest, nine (56%) were early survivors. Of 
the seven patients with cardiac arrest who died early, three 
died before operation was attempted and four died later 
from cardiac complications, including myocardial infarc- 
tion and uncontrollable cardiac arrhythmias. Death oc- 
curred in only 1 of the 13 patients who had hypotension 
without cardiac arrest. Morbidity and mortality included 
pulmonary complications in 55 (51%) associated with 
death in 36%, stroke complications in 13 (12%) with death 
in four, reoperation for bleeding in four, wound compli- 
cations in eight (7%), vocal cord paralysis in nine (8%), 
renal failure in 21 (19%) and paraplegia or paraparesis in 
29 (27%). The results of operation varied during the period 
of treatment. Ninety-two patients (79%) were treated dur- 
ing the 30-year period from 1958 to 1988. Of these 26 
(28%) were early deaths, in contrast to 2 (8%) early deaths 
in the 25 (21%) treated during the years 1989 to 1990. 

The significant univariate factors leading to early death 
in ruptured cases were cardiac arrest, period of operation, 
postoperative cardiac complications, and postoperative 
renal failure (Table 7). The significant predictors of early 
death by multivariate analysis were the same (Table 8). 
The Kaplan-Meier survival rates at 30 days, 1 year, 2 
years, and 5 years in percentages were 76, 58, 48, and 28 
respectively (Fig. 4). 
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FIG. 4. Five-year Kaplan—Meier survival curve. 
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TABLE 9. Ruptured TAA/DES Study 
Outcome Comparison: Ruptured Versus Nonruptured 


No. of patients DES TAA 


Ruptured 40 TI 
Nonruptured 686 1323 
30-day mortality rate 
Ruptured 8/40 (20%) 20/77 (26%) 
Nonruptured 55/686 (8%) 99/1323 (7%) 
Relative risk 2.49 3.47 
(95% CI) (1.28, 4.87) (2.28, 5.29) 
Postoperative paraplegia/paresis* 
Ruptured 8/37 (22%) 21/71 (30%) 
Nonruptured 36/677 (5%) 188/1313 (14%) 
Relative risk 4.07 2.07 
(95% Cl) (2.04, 8.11) (1.41, 3.03) 
Postoperative hemodialysis* 
Ruptured 6/37 (16%) 15/71 (21%) 
Nonruptured 18/677 (3%) 95/1313 (7%) 
Relative risk 6.10 3.43 
(95% CI) (2.57, 14.5) (1.87, 6.30) 


* In operative survivors. 

False aneurysms excluded. Cut-off date was 6/1/90. 

CI, confidence interval; DES, descending thoracic aortic aneurysm; 
TAA, thoracoabdominal aortic aneurysm. 


During the period of this study, elective graft replace- 
ment was performed in the treatment of 686 patients with 
aneurysms of the descending thoracic aorta and 1323 pa- 
tients with thoracoabdominal aortic aneurysms. The dif- 
ferences in 30-day mortality and major complications 
such as paraplegia or paraparesis and renal failure are 
shown in Table 9. 


Discussion 


Rupture of thoracic or thoracoabdominal aortic aneu- 
rysms is for the most part a terminal disorder and requires 
prompt and aggressive treatment. Most of the patients 
who develop this condition outside the hospital die before 
appropriate therapy can be instituted. Most of the patients 
in this study who developed free rupture, hypotension, 
and cardiac arrest did so in the hospital. Prompt treatment, 
sometimes innovative, resulted in a highly significant sur- 
vival rate. The difference in survival rates and rates of 
morbidity between the large number of patients treated 


DISCUSSION 


DR. WALTER G. WOLFE (Durham, North Carolina): I hesitate to talk 
about the last 13 cases of ruptured descending thoracic and thoracoab- 
dominal aneurysms we've had. I will review them briefly because three 
of the patients died in the operating room and could not be unclamped 
and died of cardiovascular decompensation. 

Of the surviving patients, one had a morbidity-producing stroke, and 
one had to undergo amputation in the postoperative period. But it is of 
interest that none of the patients, although they had chemical evidence 
of renal insufficiency, required dialysis. 
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electively and those treated for rupture indicates that the 
former approach is preferable. This leads to the pertinent 
question ‘When should such aneurysms be treated sur- 
gically?? This study of aneurysm size at rupture would 
suggest that operation should be recommended in patients 
in whom the aneurysm becomes symptomatic or exceeds 
5 cm in diameter as measured by CT scan, and that emer- 
gency operation is indicated in patients with signs of blood 
outside the aortic lumen. 
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Dr. Crawford’s paper dots many 1’s in his outstanding presentation, 
which will be very interesting reading to all who are interested in this 
subject, because he goes into great detail management of his case reports, 
which are instructive as well as overwhelming. I think you will find the 
manuscript very important to all of you. 

If I could see the first slide, please. 

Dr. McCann helped me accumulate some data, and this is the second- 
to-last patient we operated on. 

This patient was operated on by Dr. Peter Smith and had the coronary 
artery bypass grafting 3 years ago and had noted a small aneurysm at 
that time and presented with pain. And this portable chest x-ray and the 
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next slide shows the CT scan, much like Dr. Crawford’s. I included this 
because it highlights his important point about size. This was clearly not 
a large aneurysm, and one can see the clot and fluid in both chests in 
this case. 

I show the case because during this operation a transesophageal echo 
was done. If I could have the next slide. 

lIl emphasize, I think, that the transesophageal echo is going to have 
a more important role in evaluating thoracic aortic disease. 

You can see the esophageal probe is here, the aorta here, the flow 
going away from the probe. This is the aneurysm. And on the dynamic 
echo we see the blood moving back and forth, blue to orange here, which 
is very impressive. And this represents a clot. 

The next slide, I believe, should have been put in earlier. This is the 
thoracic aorta up above the point of rupture, and the descending thoracic 
aorta was ruptured down close to the GE junction. 

I wonder if Dr. Crawford might want to comment on transesophageal 
echo as a mechanism to follow and evaluate descending thoracic and 
aortic lesions. 

I have noticed many of our patients who had previous thoracotomy 
had obliterated the space, which allowed the patient to survive and get 
to the operating room. 

In these patients, you notice in the atherosclerotic aneurysms, although 
there is always ulceration and debris within the vessel. These patients 
have had almost a penetrating ulcer, aside from the other ulcers. A single 
penetrating ulcer seemed to be the focal point for rupture, which makes 
me wonder if transesophageal echo might be helpful in detecting small 
aneurysms in patients with this type of degenerative disease. 

The angiographers have described this ulcerative lesion in the aorta, 
and I wonder if you would comment on that for us. 

It appears that once you get these patients to the operating room and 
get the aorta clamped, that the mortality rate is certainly 25%. This 
appears to be even less than that in ruptured abdominal aortic aneurysm, 
which I think is a very interesting and important fact. 


DR. BUDDY WILLIAMSON (Tupelo, Mississippi): I thank Dr. Crawford 
for calling attention to a condition that still remains a stiff challenge for 
the vascular surgeon, and that is salvaging the patient with a ruptured 
aortic aneurysm. 

Besides being the birthplace of Elvis Presley, Tupelo is the home of 
the largest rural referral hospital in the country. It is affiliated with the 
surgical training program in Jackson. We recently examined our 10-year 
experience with about 52 ruptured abdominal aortic aneurysms that 
we've done there. We initially had a 38% mortality rate in these patients, 
but when we further subdivided these patients and looked at our last 5 
years, we have been able to reduce this significantly to about 20%. 

We've analyzed the factors that we thought were unique to our area 
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and our practice to see if we could come up with what helped us improve 
in the last 5 years. And some of the important factors that we have been 
able to highlight include improvement of our rapid transport system and 
a much more aggressive approach to rapid surgical intervention in the 
ruptured aneurysm, as well as what we think is maturation and improved 
experience in our operating teams. 

But more importantly, we think now that an aggressive approach to 
the nonruptured, basically asymptomatic aneurysm can very well be the 
most significant factor in reducing deaths from ruptured aneurysms. 

In view of this, I would like to ask Dr. Crawford his thoughts on a 
‘find-em-fix-em’ approach to the asymptomatic aneurysm. I also would 
like to know his thoughts on the use of CT scanning in the patient who 
is highly suspect for the ruptured aneurysm and on any delay that might 
be taking place in obtaining these scans. 


DR. JOSEPH S. COSELLI (Closing discussion): I think there is barely a 
cardiac surgeon who has done any work at all who has not, on occasion, 
when operating on a coronary bypass patient, discovered that in the 
aorta not studied at the time of cardiac catheterization there was a sig- 
nificant dilatation of the ascending aorta. This will then put the surgeon 
in a position to treat, ignore, or modify his course of therapy, when, in 
fact, it could have been prevented if the coronary arteriography had been 
extended into and had fully evaluated the ascending aorta. 

We are using transesophageal echocardiography, both before operation 
and more and more during operation for evaluation and modification 
of treatment. Indeed we think that while a patient is undergoing trans- 
esophageal echocardiography that particular diagnostic evaluation is not 
complete until the aorta also has been evaluated using the modality. 

In addition two additional points merit further emphasis. In the 114 
patients in whom the data were available in this series, the interval between 
the onset of symptoms suggesting rupture or the change in the nature 
of the aneurysm varied from less than | day to 120 days, with a median 
of only 3 days. 

Second, of the 77 patients with extensive aneurysmal disease involving 
both the thoracic and abdominal aorta, rupture occurred in the upper 
abdominal aortic segment in 37 and in the thoracic segment in 40, i.e., 
about a 50-50 split. 

The former reinforces that in patients who cannot be identified and 
treated on an elective early basis, time is an essential factor and efforts 
should be expended to bring about expeditiously the initiation of operative 
intervention. 

And the latter validates, I believe, that which Dr. Crawford has cham- 
pioned for years: an aggressive surgical approach that includes a com- 
prehensive replacement of all diseased aortic segments at the initial sur- 
gical procedure, /.e., a definitive operation. And this does not, however, 
necessarily preclude the necessity of course, in selected patients of a 
planned two-staged treatment. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions listed Delow 
Skin and Skin Structure Infections caused by beta-lactamase producing 


strains of Staphylococcus aureus. Escherichia coli,* Klebsiella spp * 
(including K pneumoniae*), Proteus mirabilis.* Bacteroides fragilis. * 
Enterobacter spp .* and Acinetobacter calcoaceticus * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli. Klebsiella spp (including K pneumoniae*). Bacteroides 
spp. (including 8 fragilis). and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp * (including 8B fragilis*) 
"Efficacy for this organism inthis organ system was studied in tewer than 10 
infections 
While UNASYN®* (ampicillin sodium/sulbactam sodium) ts indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN due toits ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactemase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop a skin rash Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
gens should be kept in mind during therapy If superinfections occur 
(usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
Stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol! 
administered concurrent'y UNASYN and aminoglycosides should not be 
reconstituted together due to the sn vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
pas of glucose in urine using Clinitest™. Benedict's Solution or 
ehlings Solution It 1s recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix” or Testape~) be 
used. Following administration of ampicillinto pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol. es- 
triolgiucuronide, conjugated estrone. and estradiol has been noted This 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
gnancy 

Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy 
only if clearly needed (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone. frequency of 
contractions. height of contractions. and duration of contractions How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus. prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk. therefore, caution should be exercised when UNASYN 
ts administered to a nursing woman 
Pediatric Use: Theefficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN ıs generally well tolerated The following adverse reactions have 
deen reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophlebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3° of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
= nausea. vomiting candidiasis. fatigue. Malaise. headache chest 
pain. flatulence. abdominal distension. glossitis, urine retention. dysuria 
edema. facial swelling. erythema. chills, tightness in throat. subdsterna! 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

tpg Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LOH 

Hematologic Decreased hemoglobin, hematocrit. RBC. WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils. eosinophils, and platelets 

Blood Chemistry Decreased serum albumin and total proteins 

Renal: Increased BUN and creatinine 

Urinalysis Presence of RBCs and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and, if necessary. systemic cortico- 
Steroids Whenever such reactions occur. the drug should be discontinued. 
unless the opinion of the physician dictates otherwise Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: in addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Nothing comes closer to 100% activity 
against anaerobes in vitro. It’s a fact. Studies have 
proved no other antibiotic superior to UNASYN in overall 

antianaerobic activity.*" Not 
66 ° in. Not metroni le. 
I used to think only two ee ee 
r r r And that’s nothing to overlook— 
th ung san life e were cert ain. given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 
always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 
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strains of Staphylococcus aureus. Escherichia coli.* Klebsiella spp * 
(including K pneumonrae*). Proteus mirabilis.* Bacteroides fragilis.* 
Enterobacter spp. .* and Acinetobacter calcoaceticus. * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K. pneumoniae*). Bacteroides 
spp. (including B fragilis), and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli.* and Bacteroides spp * (including B. fragulis*) 
* Efficacy for this organism in this organ system was Studied in fewer than 10 
infections 
While UNASYN® (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN dueto its ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS BEFORE THERAPY WITHA PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop a skin rash Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
ae should be kept in mind during therapy If superinfections occur 
usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes ıs due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to then vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
ee pat of glucose in urine using Clinitest’”. Benedict's Solution or 
ehling’s Solution. It is recommended that glucose tests based on en- 
zymatic — oxidase reactions (such as Clinistix™ or Testape™) be 
used Following administration of ampicillinto pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol. es- 
triolgiucuronide, conjugated estrone. and estradiol has been noted. This 


A126901 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response. this drug should be used during pregnancy 
only if clearly needed (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions. height of contractions. and duration of contractions How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on the fetus. prolongs the 
duration of labor. or increases the likelinood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore. caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN ıs generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site—16% 

Thrombophlebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3° of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
chy | Nausea. vomiting. candidiasis. fatigue, malaise. headache. chest 
pain. flatulence, abdominal distension. glossitis, urine retention. dysuria 
edema, facial swelling. erythema. chills, tightness in throat. substernal 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

heewe Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LOH 

Hematologic- Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils, eosinophils. and platelets 

Blood Chemistry Decreased serum albumin and total proteins 

Renal. increased BUN and creatinine 

Urinalysis: Presence of RBCs and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported These reactions 
may be controlled with antihistamines and. if necessary systemic cortico- 
Steroids Whenever such reactions occur. the drug should be discontinued. 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins. All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Lower antibiotic costs without lowering 


your standards. UNASYN costs at least 40% less per 


day than clindamycin/gentamicin or cefoxitin.“ Yet UNASYN 
is at least as effective in a variety 


“We need gold-standard œ mixed iniections.»** 


And in some studies versus combi- 


res ults that don 4 i COS t nation therapy, patients treated with 


a fortune.” 


A division of Pfizer Pharmaceuticals 
*Due to susceptible strains of indicated organisms 


Please see brief summary of prescribing information 
on adjacent page. 
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UNASYN spent fewer days in 
the hospital." 
So, look to UNASYN for highly 
effective, highly affordable therapy in mixed infections* 


every day. 
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An antibiotic for every day 


Understand and solve surgical 
problems with the expert help of 


a Classic guide 
NEW EDITION! 


Wylie s Atlas of 
Vascular Surgery 


Six Volumes (Volume I available June) 
By Ronald J. Stoney, M.D. and 
David J. Effeney, M.D. 


Clearly and incisively 
written... richly 
enhanced with skillfully 
drawn illustrations... 
to give you the best of 
an instructional text 
and a superb atlas 


The Manual of Vascular Surgery, with the 
first volume published over a decade ago, 
brought together the insights of Edwin J. 
Wylie, M.D., a legend in the field of vascular 
surgery, 

Now the methodology pioneered by 
Dr. Wylie and continued by his successors is 
discussed in illuminating detail in a new and 
important atlas, to be published in six 
complete volumes. Wylie’s Atlas of Vascular 
Surgery by Ronald J. Stoney, M.D. and 
David J. Effeney, M.D. describes procedures 
selected through analysis of the authors’ 
forty years of experience. These experts 
share with you their comprehensive 
knowledge of the many facets of vascular 
surgery technique. 

Each volume combines descriptive 
narrative text with a richly illustrated atlas 
to help you understand and solve the sur- 
gical problems you encounter. A complete 
analysis of the fundamental problems in 
each topic is complemented by an outline 
of principles governing management. 
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READY IN JUNE! 
Complications Requiring 
Reoperation 

Managing the complications of arterial 
revascularization is always a challenge. Now 
you can turn to this volume for compre- 
hensive descriptions of the pathogenesis of 
these complications, as well as clear, step- 
by-step guidelines for management. Arterio- 
grams and photographs of operations and 
surgical specimens show variations in antici- 
pated pathologic findings. And numerous 
illustrations of pertinent anatomy, pathology, 
and surgical techniques—over a hundred in 
full color—enhance your understanding. 

Each volume: About 250 pages, 

206 illustrations (135 in color). Volume I: 
(ISBN-0-397-51145-0) June 1991. $150.00. 
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miss these forthcoming 

volumes... 

m Basic Considerations and Techniques 

wm Extra-Cranial Cerebrovascular Disease 

m Thoraco-Abdominal Aorta and its 
Branches 

m Extremity Vascular Problems 


w Venous Disease and Miscellaneous 
Arteriopathies 
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The Influence of Severity of Spinal Cord Ischemia 
in the Etiology of Delayed-onset Paraplegia 





WILLIAM M. MOORE, JR., M.D., and LARRY H. HOLLIER, M.D., F.A.C.S. 


To clarify the cause of delayed-onset paraplegia, the authors 
evaluated the neurologic outcome after temporary (10 to 30 min- 
utes) spinal cord ischemia in the awake rabbit. Loss of motor 
function occurred in less than 2 minutes in all animals. Resto- 
ration of flow within 16 minutes always resulted in full return 
of function, whereas with occlusion times of greater than 27 min- 
utes all animals remained paralyzed. After temporary occlusion 
of 20 to 21 minutes, however, 71% of animals returned to normal 
neurologic function but developed delayed-onset paraplegia 14 
to 48 hours later. This appears to be a reliable method for the 
creation of a model of delayed-onset paraplegia in the awake 
animal, and will facilitate more detailed studies of the patho- 
physiology of ischemia-induced paraplegia. 


coabdominal aortic aneurysms has been reported 

with a frequency as high as 30% in some series. ! 
The usual cause of acute spinal cord dysfunction after 
thoracic aortic occlusion is believed to be spinal cord 
ischemia from hypoperfusion during cross-clamping. 
Some patients undergoing thoracoabdominal aneurysm 
repair, however, awake with no neurologic deficit only to 
develop delayed-onset paraplegia 1 to 5 days later. The 
cause of this latter phenomenon is poorly understood, 
but it has been attributed to postoperative hypotension, 
embolization to the anterior spinal artery, occlusion of a 
reimplanted intercostal artery, or anterior spinal artery 
thrombosis. The precise pathophysiology of this phenom- 
enon, however, has not been identified. The observation 
of such delayed neurologic deficits suggests the presence 
of additional mechanisms of spinal cord injury that might 
include cord edema in a confined space, cytotoxic action 
from leukocytes or microglia, vasoconstriction from ar- 
achidonic acid metabolites, and free-radical injury from 
metabolic byproducts of ischemia.*~’ 


P ARAPLEGIA AFTER REPAIR of extensive thora- 
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No reliable animal model of delayed-onset paraplegia 
has been documented, although previous studies have 
noted the worsening of neurologic function 24 to 48 hours 
after spinal cord ischemia in the rabbit model.8-!? Fur- 
thermore because of the anesthetic agents used in the ex- 
periments reported, the interrelationships of time of onset 
and recovery of motor and sensory dysfunction has been 
inadequately delineated. 

We undertook this study to develop a reproducible 
model for the study of delayed-onset paraplegia in the 
awake animal and to identify the temporal relationships 
of motor and sensory changes induced by spinal cord 
ischemia. 


Materials and Methods 


Thirty New Zealand white rabbits weighing 4 to 6 kg 
were premedicated with atropine sulfate (0.005 mg/kg) 
administered subcutaneously and were anesthetized with 
intramuscular ketamine hydrochloride (40 mg/kg) and 
xylazine (3 mg/kg). Intermittent intravenous readminis- 
tration of one-quarter doses of the anesthetic agents 
maintained an adequate level of anesthesia and prevented 
the need for endotracheal intubation and mechanical 
ventilation. The fur on the chest, abdomen, and back was 
clipped with electric shears and the skin prepared with 
Betadine” (Purdue Frederick Co., Norwalk, CT) solution. 
In the supine position, with the pelvis rotated 45° to the 
right, an oblique incision was made from the left costal 
margin directed toward the pubis; this facilitated retro- 
peritoneal dissection and exposure of the infrarenal aorta. 
The Dunn vascular occlusion device (Solco Basle, Inc., 
Rockland, MA) was placed around the aorta, immediately 
inferior to the rénal arteries (Fig. 1). The occluder tubing 
was tunneled, exteriorized, and sutured into a transcu- 
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Rabbit Paraplegia Model Utilizing Dunn Occluder 
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Fic. 1. Schematic diagram of experimental model. The aortic occluder 
device is positioned around the infrarenal aorta with the inflator valve 
stabilized in the transcutaneous position. 


taneous position just to the left of the paraspinous muscles. 
The wound was closed in layers with absorbable fascial 
sutures and nonabsorbable skin sutures. A single dose of 
buprenorphine hydrochloride (0.1 mg/kg) was adminis- 
tered subcutaneously for postoperative pain control. 

Confirmation of aortic occlusion during inflation of 
the occluder device and of subsequent restitution of distal 
aortic and lumbar arterial flow was obtained by the place- 
ment of electromagnetic and Doppler flow probes in the 
first five animals. An electromagnetic flow probe of ap- 
propriate size (2.5 to 3.5 mm) was secured | cm distal to 
the occluder device. A mini-Doppler flow probe was 
placed around an infrarenal lumbar artery. The leads from 
each of these devices were tunneled into a transcutaneous 
position and coupled to quantitative, directional flow 
monitors. This method of flow monitoring confirmed 
cessation of distal aortic and lumbar arterial flow during 
inflation of the occluder device and restitution of flow 
after release of the occluder in all five animals tested. 
Confirmation of return of distal flow after release of the 
occluder in the remaining animals was obtained by doc- 
umenting return of femoral pulses. 

Forty-eight hours after recovery from anesthesia, two 
leads of a neurosensory stimulation unit were attached 
by alligator clips to the skin of the hind limb, and the 
animal was stimulated every 5 seconds with the lowest 
voltage required to assess motor and sensory function. 
Aortic occlusion was then achieved by inflating the cir- 
cum-aortic occluder with the rabbit in an awake and alert 
state. The exact times of loss of motor and sensory func- 
tion after aortic occlusion (i.e., onset of spinal cord isch- 
emia) were recorded, 

The aorta was occluded in 30 rabbits (48 trials) for a 
specified period (10 to 30 minutes), after which restitution 
of distal flow was permitted (Fig. 2). The neurosensory 
stimulation was repeated at 15-second intervals and the 
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exact times of motor and sensory function recovery were 
recorded. 

Some of the rabbits that underwent aortic occlusion 
for brief periods (10 to 16 minutes) experienced quite 
rapid neurologic recovery and were therefore selected for 
reocclusion after a period of rest of at least 7 days, resulting 
in a total of 48 trials in 30 rabbits. 

The animals were killed after documentation of irre- 
versible paraplegia or at the completion of the project. 
Killing was performed with a lethal intravenous dose of 
phenobarbital and potassium chloride. After death, rep- 
resentative animals from each group of clinical outcomes 
underwent detailed pathologic examination of the aorta, 
lumbar arteries, and spinal cord, the latter of which were 
fixed in formalin and examined microscopically after he- 
matoxylin and eosin staining. 

Animal handling, care, and disposal conformed to the 
guidelines set forth in the “Principles of Laboratory An- 
imal Care” and the “Guide for the Care and Use of Lab- 
oratory Animals” (National Institutes of Health publi- 
cation no. 86-23, revised 1985). 

The data were subjected to standard statistical analyses 
using the nonpaired Student’s t test, chi square, one-sided 
Fisher’s exact test, and linear regression analysis. 


Results 
Level of Ultimate Neurologic Function 


All trials of aortic occlusion resulted in spinal cord 
ischemia that led to total loss of motor and sensory func- 
tion that persisted throughout the period of aortic occlu- 
sion (10 to 30 minutes). After restoration of blood flow, 
the clinical course of each animal was observed and could 
be categorized retrospectively into three groups. After brief 
periods of spinal cord ischemia (less than 17 minutes, 
group I, n = 11) the loss of hind limb neurologic function 
was reversible and resulted in permanent return of normal 
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Fic. 2. Graph showing the number of trials for each specific time period 
of aortic occlusion. 
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OUTCOME VS ISCHEMIA TIME 
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FIG. 3. Graph illustrating the neurologic outcome of the 33 animals that 
underwent occlusion times from 17 to 26 minutes. Fifty-eight per cent 
of these animals had return of normal neurologic function after occlusion 
but subsequently developed delayed-onset paraplegia. 


neurologic function after reperfusion (p < 0.001). Loss of 
bladder and anal sphincter control was also noted, but 
likewise was reversible after brief periods of ischemia, cor- 
responding to the recovery period of hind limb function. 

After prolonged periods of spinal cord ischemia (more 
than 27 minutes, group III, n = 4) irreversible paraplegia 
was observed in all trials (p < 0.05). 

Intermediate periods of spinal cord ischemia (17 to 26 
minutes, group II, n = 33) resulted in three ultimate neu- 
rologic outcomes (Fig. 3). The first outcome was full return 


of neurologic function, as had been observed in all trials | 


in group I. There were 11 of 33 trials (33.3%) that resulted 
in persistent, normal neurologic function after reperfu- 
sion. The second outcome was permanent, irreversible 
paraplegia noted in 3 of 33 trials (9%), as observed in all 
trials in group HI. The third neurologic outcome observed 
in group II was delayed-onset paraplegia in 19 of 33 trials 
(57.6%). This subgroup of rabbits regained normal hind 
limb motor and sensory function, as well as normal bowel 
and bladder sphincter function after spinal cord reper- 
fusion; however 14 to 48 hours (mean, 27 hours) after 
reperfusion, these rabbits developed delayed-onset, per- 
manent paraplegia with loss of bowel and bladder sphinc- 
ter control. Sensation of pain and coarse touch were re- 
tained in all animals experiencing delayed-onset para- 
plegia. 

Linear regression analysis of these data confirm a direct 
relationship between the duration of spinal cord ischemia 
and ultimate neurologic outcome, correlation coefficient 

= 0.65 (p < 0.0001). The incidence of delayed-onset 
paraplegia was highest after aortic occlusion periods of 20 
and 21 minutes; therefore, this subgroup was subjected 
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to independent analysis. After 20 to 21 minutes of isch- 
emia, delayed-onset paraplegia occurred in 10 of 14 trials 
(71.4%), acute/permanent paraplegia in 2 of 14 trials 
(14.3%), and reversed/normal in 2 of 14 trials (14.3%) 
(Fig. 4). Linear regression analysis predicts an outcome 
of delayed-onset paraplegia after 20 to 21 minutes of spinal 
cord ischemia in over 70% of trials, with 95% confidence. 


Onset and Recovery of Neurologic Dysfunction 


The period between initiation of spinal cord ischemia 
and onset of motor and sensory dysfunction was analyzed. 
Because all 48 trials were identical with regard to this 
feature, pooled results from all three groups were analyzed. 
Loss of motor function occurred 10 to 120 seconds after 
aortic occlusion (mean, 55 seconds; n = 48). Loss of sen- 
sory function occurred 40 to 270 seconds after aortic oc- 
clusion (mean, 114 seconds; n = 32). Although there was 
variation in time until onset of deficits between the trials, 
motor loss preceded sensory loss in 100% of the trials. In 
an analysis of the means using an unpaired Student’s t 
test, the time difference between onset of motor versus | 
sensory loss is statistically significant (p < 0.001). 

The time required for motor and sensory recovery in 
group II trials was analyzed in a similar fashion. The time 
required for full recovery of motor function ranged from 
5 to 210 minutes (mean, 53 minutes; standard error, 11.4 
minutes). The time required for recovery of sensory func- 
tion ranged from 2 to 20 minutes (mean, 9 minutes; stan- 
dard error, 1.7 minutes). Recovery of sensory function 
occurred before recovery of motor function in 100% of 
the trials, and the difference in the time interval required 
for recovery of sensory versus motor function is signifi- 
cantly different (p < 0.001) (Fig. 5). 
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Fic. 4. Graph showing the incidence of delayed-onset paraplegia asso- 
ciated with a spinal cord ischemia time of 20 to 21 minutes. 
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Fic. 5. Graph showing the relative time of onset and recovery of motor 
versus sensory function associated with spinal cord ischemia in the Group 
H animals. 


An analysis of means was conducted between groups I 
and II with regard to recovery of motor function. The 
mean time required for full recovery of motor function 
in group I was 27 minutes (all animals reversed to normal), 
and in group II was 53 minutes (33% reversed to normal; 
58% reversed to normal, then subsequently experienced 
delayed-onset paraplegia; and 9% experienced acute, per- 
manent paraplegia.) (Fig. 3). The difference between 27 
and 53 minutes is significant (p < 0.01). Therefore the 
time required for return of full motor function after tem- 
porary spinal cord ischemia is predictive of resultant neu- 
rologic outcome. 


Pathologic Findings 


Pathologic examination of the animals after death was 
undertaken specifically to determine if paraplegia or de- 
layed-onset paraplegia was related to thrombosis (acute 
or late) of the aorta or the lumbar arteries. In no animal 
was there any evidence of thrombosis of these vessels nor 
was there any evidence of embolization. 

Histologic examination of the spinal cord permitted 
comparison of normal cord with the spinal cord of rabbits 
experiencing each of the three potential neurologic out- 
comes. Specimens of rabbits experiencing sustained re- 
covery of neurologic function showed normal numbers 
of ganglion cells with normal nuclei and cytoplasm. Eval- 
uation of spinal cord specimens from rabbits experiencing 
delayed-onset paraplegia showed decreased staining of 
ganglion cells. Many of the ganglion cells identified had 
hyperchromatic nuclei and mild to moderate vacuoliza- 
tion of cytoplasm. Diffuse destruction of gray matter with 
moderate to severe vacuolization and essentially no nor- 
mal ganglion cells was observed in the spinal cord of rab- 
bits experiencing acute, permanent paraplegia. 
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Discussion 


In the human, as well as in most animal models, pro- 
longed clamping of the thoraciċ aorta can result in para- 
plegia. Because of the tremendous variability in the ade- 
quacy of collaterals to the spinal cord, however, the pre- 
dictability of neurologic outcome after aortic cross- 
clamping is poor; this also makes prediction of the severity 
of neurologic injury difficult. Therefore a reliable model 
of defined ischemic spinal cord injury would be very help- 
ful in studying the pathophysiology of both acute and 
delayed-onset paraplegia. 

Other problems complicating attempts to study the 
variables associated with paraplegia are the marked he- 
modynamic and other physiologic changes associated with 
thoracic aortic cross-clamping. Because the rabbit has a 
segmented arterial supply to the spinal cord, occlusion of 
the infrarenal aorta will result in spinal cord ischemia, 
but is associated with minimal hemodynamic variation. 
Furthermore allowing the rabbit to recover after implan- 
tation of the occluder device permits evaluation of the 
responses to spinal cord ischemia in the awake model so 
that both sensory and motor neurologic changes can be 
assessed. ; 

It is interesting to note that in these experiments, motor 
function was always lost before sensory loss, and sensory 
return always occurred before return of motor function. 
This may reflect an increased sensitivity to ischemia of 
anterior horn cells and motor tracts when compared with 
dorsal columns. We made no attempt to determine if 
blood flow during the time of ischemia differed from one 
area to another within a given segment of ischemic cord, 


although we did document such differential blood flows 


in the dog model.'? | 

When one compares the time required for return of 
motor function after unclamping between those animals 
that developed delayed-onset paraplegia and those that 
recovered and maintained normal neurologic function, 
the difference is significant (p < 0.01). The mean time 
until motor recovery in those animals that developed de- 
layed-onset paraplegia (59 minutes) was two times greater 
than the motor recovery time of those that had permanent 
recovery (25 minutes). 

Sensory recovery did occur in all animals, even in those 
that sustained acute permanent paraplegia, but return of 
sensory function occurred later in those that developed 
acute paraplegia (20 minutes) than in those that experi- 
enced permanent recovery (8.5 minutes). This observation 
did not reach statistical significance because of the small 
sample size. It would appear, however, that the clinical 
usefulness of these findings is negligible. 

This study clearly documented that paraplegia in the 
rabbit could be caused by spinal cord ischemia after as 
little as 10 seconds, but was reliably reversible after as 
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Fic. 6. Schematic graph illustrating the relationship of ultimate neurologic 
autcome in relation to duration of spinal cord ischemia. 


much as 16 minutes of ischemia. It also showed that pro- 
longed spinal cord ischemia in the rabbit, in other words, 
more than 27 minutes, will reliably produce acute, per- 
manent paraplegia. 

An intermediate level of spinal cord ischemia in the 
rabbit, in other words, 20 to 21 minutes, will usually result 
in full return of neurologic function after restoration of 
blood flow to the spinal cord, and the rabbit will be able 
to hop normally and will show no functional change; 
however, this is often (71%) followed by the onset of re- 
current and progressive paraplegia within 14 to 48 hours 
(Fig. 6). The observation of delayed-onset paraplegia in 
this model is important because it documents that this 
phenomenon is primarily related to the duration or se- 
verity of the initial ischemic event and is not likely due 
to thrombosis or embolization of spinal arteries, nor to 
postoperative hypotension, as has been occasionally sug- 
gested in cases of delayed-onset paraplegia in humans. It 
is Clear that, at least in the rabbit model, delayed-onset 
paraplegia can occur without antecedent thrombosis or 
hemodynamic dysfunction. 

The precise cause of delayed-onset paraplegia remains 
unresolved. One must postulate, however, that cellular 
and metabolic dysfunction initiated by ischemia, as well 
as delayed hyperperfusion with resultant cord edema in 
a closed space, may all have a role in causing delayed- 
onset paraplegia. '4 


DISCUSSION 


Dr. H. EDWARD GARRETT (Memphis, Tennessee): Dr. Crawford has 
led the way in the management of this devastating lesion and Dr. Hollier 
has continued to seek explanations for the dreaded complication of para- 
plegia. 

Dr. Hollier now presents an experimental model to study further isch- 
emia of the spinal cord and perhaps lead to preventive therapy. 
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This paper documents a reliable method for the creation 
of delayed-onset paraplegia in the awake animal. This 
model will facilitate more detailed studies of the patho- 
physiology of ischemia-induced paraplegia and will allow 
the evaluation of those therapeutic modalities that may 
be beneficial in reducing the incidence of this dreaded 
surgical complication. 
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Dr. E. STANLEY CRAWFORD (Houston, Texas): This model that Dr. 
Hollier and his group have developed provides an excellent opportunity 
to try many of the options available to determine if the incidence of 
paraplegia can be reduced. One of the most truly disappointing char- 
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acteristics of this disorder is its appearance after a patient has done very 
well for several days—and in our experience, up to 3 weeks after oper- 
ation. 

There is no question that cardiac hemodynamic changes produce the 
disturbance in some patients. For example, a patient can suffer a bleed 
from the gastrointestinal tract, go into shock, and become paraplegic. 
When his or her blood volume is restored, the paraplegia will disappear, 
returning when bleeding begins again and then relieved with transfusion. 
This presents pretty clear evidence to me that, in this particular case, 
paraplegia was due to hemodynamic changes, 

Another case is of a patient doing well who develops a cardiac rhythm 
problem, a very fast rate, poor cardiac output, and then develops para- 
plegia. When the rhythm problem is resolved with the return of good 
cardiac output, paraplegia disappears; this indicates to me that there was 
a pump problem. 

In the patient whose endotracheal tube is removed and who develops 
anoxia from poor respiration followed by the development of paraplegia, 
the paraplegia resolves with reintubation and restoration of respiratory 
mechanics—evidence that there was an anoxic reason. 

However there are some patients who develop this problem for which 
there are absolutely no explanations, which brings up the possibility of 
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reperfusion injury. Therefore I think this would be an excellent model 
with which to test these agents. 

The final significance, at least in our experience, is the fact that these 
delayed occurrences account for one third to one half of the incidence 
of paraplegia, depending on the period in the series within which it occurs. 
If we can determine how io prevent even the delayed cases, we would 
decrease the incidence of neurologic deficits significantly. 


Dr. LARRY HOLLIER (Closing discussion): I agree with Dr. Crawford 
that the occurrence of this phenomenon does comprise a significant 
number of the postoperative neurologic deficits that occur in relation to 
the spinal cord. 

Clearly some of those patients develop this because of hemodynamic 
factors that occur after operation. As he stated, there are some patients, 
however, who develop this with no other reasonable explanation other 
than some type of a reperfusion injury. 

We hope that by use of a reliable reproduceable model, we can extend 
the study to-look at multiple factors, which, as isolated therapeutic mo- 
dalities, have had very little benefit in preventing paraplegia. But perhaps 
if we use all possible adjunctive therapies together, we can help reduce 
this in these difficult cases. 
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This population-based study examines all carotid endarterec- 
tomies (CE) performed by all surgeons in a single state over a 
10-year period. The methodology is designed to determine mor- 
bidity rate, mortality rate, cost, and length of stay, as well as to 
understand the effect of pre-existing chronic disease, physician, 
and hospital volume on these outcome variables. The data source 
consisted of hospital discharge abstract data uniformly collected 
on all admissions (N = 5.9 million) to acute care hospitals in 
the state. In the decade 1979 to 1988, 11,199 patients underwent 
CE. Mortality rate from CE was 2.1%, and the postoperative 
stroke rate was 3.7% over this period. High physician volume 
decreased the mortality rate (p < 0.05) and stroke rate (p < 0.01) 
by 50% and significantly (p < 0.001) reduced hospital cost and 
length of stay independent of patient complexity. Examination 
of cost data, adjusted for inflation, showed a decrease in mean 
cost for CE over the decade. Thus physicians are providing better 
care for less hospital dollars. Both patient and payor outcome 
is improved by concentrating CE patients in the hands of high- 
volume surgeons. Although the data suggests this trend is already 
evolving, the pace of this evolution can be expected to increase 
as payors recognize that regionalization of this procedure lowers 
costs. 


THEROSCLEROSIS IS A chronic homogeneous 

disease variable only by severity and socioeco- 

nomic impact. Historically older adults with 

positive cardiovascular risk factors have suffered the con- 

sequences of this devastating process. Through the years 

both surgical and medical advances have improved patient 
survival and quality of life. te 

Extracranial carotid atherosclerosis (CA) with resulting 

cerebral ischemia or infarction is the third leading cause 

of death in North America.'? If not initially fatal, stroke 

may cause permanent functional impairment. Carotid 

endarterectomy (CE) was introduced four decades ago for 

relief of extracranial CA. It is now the most frequently 
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performed peripheral vascular operation, despite its con- 
troversial value in stroke prevention.* 

Current reports on outcome of CE contain disparities 
in morbidity and mortality rates dependent on operative 
indication, surgeon experience, and geography of ser- 
vice.™’ No population-based study defines patient out- 
come and addresses cost issues for CE. The health care 
delivery system in the United States must contain rising 
expenditures; therefore the indications for all surgical 
procedures are being examined to identify cost efficiencies. 
All parties, patient, provider, and payor are clamoring for 
the delivery of quality, effective care for the fewest dollars.’ 
Physicians must address these issues or risk restrictions 
on their ability to practice. 


l Methods 
Data Source 


The study data source consisted of computerized hos- 
pital discharge abstract data uniformly collected on all 
discharges from acute care hospitals in a single state be- 
tween January 1, 1979 and December 31, 1988. This 
database includes the following: patient demographics, 
type of admission, length of stay, discharge status, and 
five diagnoses and three procedures codes using the In- 
ternational Classification of Disease, 9th Revision, Clinical 
Modification ICD-9-CM.'° In addition, each hospital and 
physician was represented by a coded value. Changes in 
physician identification codes were made in mid-1985, 
which permitted double counting of physician operations. 
This structural variation in the database disqualifies 1985 
data for physician volume analysis. 
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The Study Population 


Patients undergoing carotid endarterectomy were de- 
fined as having a procedure code ICD-9-CM, 38.12, (end- 
arterectomy with embolectomy, patch graft, temporary 
bypass, or thrombectomy of intracranial vessels). Thirty- 
two patients (0.3%) less than 30. years old, or who had 
bed service listed as obstetrics, newborn, pediatric, psy- 
chiatry, or rehabilitation clearly represented coding errors 
and were excluded. Over the 10-year period there were 
5,981,941 hospital admissions. Of these 11,199 patients 
underwent carotid endarterectomy and form the basis of 
this study. 


Definition of Terms 


Mortality: Defined as in-hospital death. No information 
is available from the database about long-term fol- 
low-up. 

Stroke: Patients with ICD-9-CM codes 434.0, 434.1, and 
431.9 (occlusion of cerebral arteries) and 997.0 (central 

= nervous system complications resulting from proce- 
dure) were defined as in-hospital stroke. 

Costs: Total hospital charges by cost centers were provided 
in the abstracted data. Because of the unique and 
stndardized system of costs-to-charge ratios used 
throughout the state, hospital charges can be taken for 
a proxy for costs to the hospital. This figure does not, 
however, include physician charges or postoperative 
follow-up. 

Length of Stay (LOS): defined as the number of days in 
the hospital during which the carotid endarerectomy 
was performed. 

Pre-existing Conditions (PEC): Chronic medical condi- 
tions that were coded as secondary diagnoses on the 
hospital discharge abstract. Four pre-existing medical 
conditions were considered to potentially complicate a 
patient’s hospital course: ischemic heart disease, chronic 
obstructive pulmonary disease, diabetes mellitus, and 
hypertension (Table 1). 

Physician Volume: Each physician in the state was as- 
signed a numerical identification code associated with 
each operative procedure. All physicians performing 
endarterectomies in the state were then grouped ac- 
cording to the volume of CEs performed in a given 
year. Each year a physician was assigned to either low-, 
medium-, or high-volume groups based on the number 

_ of CEs in that year. Low-volume physicians were de- 


TABLE 1. Pre-existing Conditions (PEC) 


PEC N (%) ICD-9CM Code 
Hypertension 3,241 (28.9) 401-405 
Ischemic heart disease 1,736 (15.5) 411-414 
Diabetes 1,473 (13.2) 250 
COPD 707 (6.3) 490-496 
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Fic. 1. Incidence of carotid endarterectomies/100,000 population. 


fined as performing between | and 12 CEs. Medium- 
volume physicians performed 13 to 49 procedures, and 
high-volume physicians (HVP) performed 50 or more 
procedures in a given year. 

Hospital Volume: Each hospital within the state was as- 
signed a unique identifier code. To determine the sys- 
tem effect distinct from physician technique, patient 
outcome was examined as a function of hospital vol- 
ume. Hospitals were assigned to high, medium, or low 
volume based on the number of CEs performed in a 
given year. High volume was defined as over 50 pro- 
cedures a year (mid-volume, 13 to 49; and low volume, 
1 to 12 CEs). It is possible for an individual hospital, 
or physician to change volume groups from 1 year to 
the next. 


Statistical Analysis 


The yearly incidence of CE was calculated by dividing 
the number of persons undergoing the procedure by the 
state population as reported by the state’s department of 
planning. Dichotomous outcome indicators for patients 
undergoing CE by low-, middle-, or high-volume insti- 
tutions for physicians were compared using 2 X 3 chi 
square tests. In addition, low- and high-volume hospital 
procedures were compared using 2 X 2 chi square tests. 
Differences in continuous outcome variables (length of 
stay and cost) were tested using analysis of variance, and 


-a linear contrast was performed to test the low versus high 


hospital and physician volume procedures. For outcome 
by volume and PEC analysis, separate chi square tests 
were performed for patients with a PEC and for the overall 
study population."! 


Results 


Over a 10-year period, 11,199 patients underwent CE 
in a single state. Two hundred thirty-one patients died 
(2.1%) and 415 patients (3.7%) suffered a stroke before 
discharge. The mean length of stay for the entire popu- 
lation was 11.2 days. The mean cost per patient over the 
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Fic. 2. Peak in stroke rate occurred in 1986. 


{0-year period was $6150.00, and the total cost for CE 
during the 10-year period was $68.8 million. 

Figure 1 demonstrates the incidence of CE per 100,000 
population. The incidence increases through the year 
1985, and then remains stable for the last 4 years of the 
study. Figure 2 contrasts the declining mortality rate with 
the increasing rate of postoperative stroke. The stroke rate 
in the last year of the study was 4.8%, whereas the mor- 
tality rate in the final year of the study was 1.05%. 

The mean LOS for CE over the 10-year period steadily 
decreases, from a peak of 15.5 days in 1979 to a nadir of 
7.7 days in 1988 (p < 0.001). The majority of this im- 
provement in mean hospital stay is attributable to the 
decrease in the number of patients who had an extended 
hospital stay of over 21 days. In 1979, 20% of patients 
were in the hospital for 21 days or more. In 1988, that 
number had decreased to 5.3%. Although costs increase 
from 1979 to 1983, they have remained relatively stable 
since 1983. When this increase in costs is plotted as a 
function of the consumer price index!’ (Fig. 3), a mea- 
surement of inflation, we see that despite the rising inci- 
dence of CE, the mean patient cost to society in 1979 
dollars is less in 1988 than it was in 1979. 


Complex Patients 


We defined patients with one or more PECs as complex 
patients. Forty-eight per cent of the patients (5379) pa- 
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Fic, 3. Level cost curve for carotid endarterectomies for four years. 
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FIG. 4. Increasing age and number of complex patients. PEC, pre-existing 
condition. 


tients were defined as complex (48%). Table 1 demon- 
strates the relative incidence of the various PECs. Figure 
4 demonstrates that age and the incidence of complex 
patients increases over time. 

Table 2 demonstrates the effect of PECs on mortality 
rate, stroke rate, length of stay, and cost. There were no 
significant differences in mortality rate, stroke, or length 
of stay as a function of PEC. The intensity of services 
rendered’ in PEC-positive patients during their hospital 
stay, however, accounts for approximately $700 increased 
cost for PEC-positive patients (p = 0.0001). 

The distribution of patients with PECs by physician 
volume suggests that over time complex patients are in- 
creasingly referred to HVPs. This suggests an effective 
triage mechanism is developing, initiated either by the 
referring physician or the patient. During this period, 
however, there were still over 2700 (51.2%) complex pa- 
tients who had their CE performed by a low-volume phy- 
sician. 


Volume/Quality 


The 190 physicians annually performing CE over this 
10-year period were stratified by volume. Figure 5 is a 
stacked histogram showing the distribution of patients to 
low-volume physicians (LV Ps) over time, suggesting that 
LVPs are losing market share. 

Table 3 demonstrates that mortality (p < 0.05) and 


TABLE 2. Outcome Indicators by the Presence 
of Pre-existing Conditions 


Pre-existing Conditions 


No Yes p value 
N 5820 5379 
Mortality 132 99 0.11 
(Column %) (2.27) (1.84) 
Stroke 216 199 NS 
(Column %) (3.71) (3.70) 
Mean length of stay 11.4 11.07 0.105 
Mean cost $5,802 $6,526 0.0001 
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HG. 5. Distribution of patients showing HVPs assuming a larger market 
share. The year 1985 is omitted because of double counting. 


stroke rates (p < 0.01) decrease by 50% as a function of 
physician volume. In addition physician volume signifi- 
cantly (p < 0.001) lowers LOS and cost. Low-volume 
physicians increase the mean cost of operation by more 
than $1000.00. 

Figure 6 presents outcome data on mortality rate and 
cost by decile of physician volume, excluding 1985 (n 
= 9715). Forty per cent of CEs were performed by phy- 
sicians whose volume was less than 10 procedures a year. 
Mortality rate decreases precipitously until physician vol- 
ume reaches nine CEs per year, and then mortality rate 
decreases more slowly. Hospital cost as a function of phy- 
sician volume by decile suggests a minimum yearly vol- 
ume of nine is required to be cost efficient. 

To judge the relative influence of physician technique 
versus system efficiency on outcome, a similar analysis 
was performed using hospital volume. All hospitals per- 
forming carotid endarterectomy were analyzed by CE 
volume, Figure 7 is a stacked histogram depicting grouped 


TABLE 3. Outcome by Physician Volume 


p-value 
Low Mid High Lys H 
N 
112 
Overall 5067 3876 466 
Complex 2289 (45.2) 1887 (48.7) (60.4) <0.001 
Mortality (%) 
Overall 130 (2.6) 66 (1.7) 9 (1.2) 0.02 
Complex 60 (2.6) 27 (1.4) 4 (0,9) 0.02 
Stroke (%) 
Overall 203 (4.0) 145 (3.7) 16 (2.1) 0.008 
Complex 100 (4.4) 68 (3.6) 8 (1.7) 0.007 | 
Length of stay 
Overall 12.7 10.5 8.1 <0.001 
Complex 13.1 l 9.9 7.9 <0.001 
Cost 
Overall $6531 $5746 $5520 <0.00! 
Complex $7355 $5824 $5798 = <0.001 ` 
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Fic. 6. Mortality rate and cost by decile of physician volume. 


hospital volume over time. There is an increasing trend 
for CE to be performed in higher-volume hospitals. 

Table 4 presents outcome criteria by hospital volume 
for all patients and complex patients. There are no sta- 
tistically significant differences between mortality rate and 
postoperative stroke rate on the basis of hospital volume. 
Increased hospital volume is associated with decreased 
length of stay (p < 0.001) and cost (p = 0.05). 


Discussion 


Historically outcome data for CE has emanated from 
a small group of surgeons interested in the procedure. 
This study examines CE performed by a large number of 
unselected surgeons over a 10-year period. This popula- 
tion-based approach is designed to define morbidity rate, 
mortality rate, LOS, and cost. It is only in using this 
methodology that policy decisions can be made regarding 
the efficacy of CE. 

The data demonstrates that the incidence of CE in- 
creases steadily during a decade as operative indications 
expand to include older and more complex patients. De- 
spite this increase in complexity, operative mortality de- 
creases but postoperative stroke rate increases. It is spec- 
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FIG. 7. Stacked histogram of hospital volume. 
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TABLE 4. Outcome by Hospital Volume 
p-value 
Low Mid High Lys H 
N 
922 5,258 5,019 
Overall 420 2372 2,587 
Complex (45.6) (45.1) (51.5) 0.001 
Mortality 
Overall 22 (2.4) 117 (2.2) 92 (1.8) NS 
Complex 5 (1.2) 50 (2.1) 44 (1.7) NS 
Stroke 
Overall 33 (3.6) 205 (3.9) 177 (3.5) NS 
Complex 19 (4.5) 98 (4.1) 82 (3.2) NS 
Length of stay 
Overall 12.9 12.2 10.0 <0.001 
Complex 13.1 12.2 9.7 <0.001 
Cost 
Overall $6504 $6353 $5872 0.004 
Complex $6774 $6913 $6131 0.053 


ulated that there is a correlation between the increase in 
stroke rate and the complexity of the patient population; 
however the data neither confirms or denies our specu- 
lation. 

Traditionally, physicians have evaluated surgical pro- 
cedures by clinical outcome. With increasing attention 
on resource allocation, CE also was analyzed by cost dur- 
ing the decade. Although both mean cost and the total 
cost increase, the increased total cost results from a grow- 
ing number of patients undergoing CE. When adjusted 
for inflation, the mean cost per year for CE decreases 
during the decade. Increased operative incidence for less 
cost indicates increased provider productivity. Thus, de- 
spite increasing numbers of CEs performed and improved 
quality, as reflected by decreasing mortality, the cost per 
operation decreases. This demonstrates that physicians 
are providing better care for less hospital dollars, in other 
words, increased productivity. Contrary to political rhet- 
oric, the medical community has improved both the pro- 
ductivity and efficiency of CE. This increased productivity 
occurred in a decade when total medical costs have con- 
tinuously increased to 11% of the gross national product 


and is largely a result of physician efforts to decrease LOS. 


Role of Physician Volume 


The factors that impact outcome can be divided into 
two major components: physician and hospital. The phy- 
sician component includes not only the technical ability 
of the surgeon but also the operative indication and pre- 
operative health of the patient. Hospital-related issues 
range from hospital demographics and system efficiency 
to the skill of ancillary services. This study examines both 
physician and hospital volume as a proxy for these com- 
ponents. It is hypothesized that a spectrum exists for all 
vascular procedures. In certain operations, such as rup- 
tured abdominal aortic aneurysm (which requires rapid 
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access to the operating suite), the system component or 
hospital volume may be the most important determinant 
of outcome. In other operations, such as carotid endar- 
terectomy, surgical technique may be the primary deter- 
minant of outcome. 

For the mature, elective operation, physician volume 
is demonstrated to be an important outcome determinant. 
High-volume physicians have a mortality and postoper- 
ative stroke rate that is 50% less than their low-volume 
colleagues. It is surprising to demonstrate such a significant 
reduction in mortality rate as a function of physician vol- 
ume because the mortality rate after CE 1s very low. Fur- 
thermore hospital costs were significantly less for HVPs. 
Those physicians that perform more CEs have signifi- 
cantly reduced mean LOS, thereby reducing the cost of 
hospitalization to society. This phenomenon is found in 
all patients, regardless of complexity. 

These findings argue for the concentration of patients 
undergoing CE into the hands of HVPs. The data suggest 
that physician CE volume should exceed nine procedures 
a year to minimize both deaths and cost. The trend toward 
regionalized care is apparent in this data, suggesting that 
referring physicians are triaging more patients to both 
HVPs and hospitals. Although concentration of CE pa- 
tients into high-volume ‘regional practices’ 1s at the ex- 
pense of patient geographic and social convenience, both 
patient and payor outcome is improved. Consequently it 
is in the best interest of both the patient and payor to 
encourage regionalization, and physicians can expect this 
trend to continue. 


Strengths and Limitations 


The large patient population, representing all CE in a 
geographic area, the availability of cost data, and analysis 
of provider productivity from the dual perspective of pa- 
tient and payor provide the unique perspective of this 
study. Because all CEs performed by all surgeons in a 
given area over a 10-year period were examined, suffh- 
ciently large patient numbers (11,199) allow resolution of 
the issue of morbidity rate and mortality rate in CE. Pre- 
vious clinical research!*:!* reports outcome only by the 
physicians interested in CE. In contrast this study ex- 
amined results of CE from the entire spectrum of surgical 
experience. From a policy perspective, this methodology 
provides a more stringent test of the operative risk than 


the analysis of selected experiences. 


An additional strength of the study design is the defi- 
nition of a subgroup of complex patients. Pre-existing 
condition influence on provider volume, clinical outcome, 
LOS, and cost affords a comprehensive examination of 
outcome from the perspective of both patient and payor. 
The lack of PEC effect on CE mortality was expected. We 
showed previously!’ that the effect of PEC on mortality 
in trauma patients is dependent on the magnitude of the 
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injury and the patient’s physiologic reserve.! Carotid 
endarterectomy, unlike aortic reconstruction, for example, 
exerts relatively little metabolic demand on the patient, 
thus minimizing the PEC effect on mortality. The presence 
of PECs does, however, clearly increase the intensity of 
service provided to the patient. 

Limitations of the study are acknowledged. This is a 
retrospective examination based on hospital discharge 
abstract data. Analysis is necessarily limited to in-hospital 
outcome, as longitudinal follow-up is unavailable. Thus 
definition of long-term stroke-free survival, impact on 
quality of life, and the creation of a true cost-benefit 
equation cannot be addressed. 

The severity of individual PECs is not distinguishable 
by ICD-9-CM methodology, nor is the preoperative in- 
dication for surgical intervention. These factors inhibit 
further patient stratification by risk or complexity and are 
a recognized limitation of all studies based on hospital 
discharge abstract data. In addition our definition of post- 
operative stroke includes codes for both ‘occlusion of ce- 
rebral arteries’ and ‘central nervous system complications 
resulting from procedure.” The increased incidence of 
stroke over time may be a result of variations in operative 
indications or improved documentation of transient 
postoperative neurologic deficits. 

Finally the study is limited by the standard population- 
based concerns addressed by Jencks and colleagues," who 
suggest there is potential under-reporting of pre-existing 


disease or complications in patients with life-threatening. 


conditions. Truncation of PEC and stroke data may occur 
when multiple acute conditions or complications take 
coding precedence. In this population, 75% of patients 
had four or fewer of the five available diagnosis fields used. 
It is, however. reasonable to assume that some under re- 
porting of PECs exists and only those PECs severe enough 
to warrant documentation in the medical record are being 
identified. Thus estimates of the PEC effect on outcome 
may still. be conservative. 

In summary CE is an operation performed by a large 
number of surgeons with a variable yearly volume. Both 
patient and payor outcome is improved by concentrating 
CE patients in the hands of high-volume surgeons. While 
this trend is already evolving, the pace of this evolution 
can be expected to increase as payors recognize that re- 
gionalization of certain procedures lowers costs. 


Conclusions 


1. Carotid endarterectomy has a mortality rate of 2.1% 
and stroke rate of 3.7% over the decade in this popu- 
lation study. 


DISCUSSIONS 


DR. MALCOLM O. PERRY (Nashville, Tennessee}: This is an important 
study by Dr. Edwards and his associates and certainly a commendable 
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2. Mortality rate decreased while postoperative stroke rate 
increased. — 

3. High-volume physicians significantly reduce mortality, 
postoperative stroke rate, and cost for patients under- 
going CE, independent of patient complexity. 

4, Payors can be expected to concentrate CE in the hands 
of HVPs. 


The outcome criteria of this study include not only 
morbidity rate and mortality rate but costs. All providers 
need to realize that the resources for patient care are, and 
will continue to be, limited. We must take the initiative 
in the search for solutions. 
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effort. It is something that needs to be done and it’s not very palatable 
to talk about regionalization among those of us who like to be independent 
in our activities. But it is something that we may all have to swallow, 
palatable or not. 
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The authors and I share some concerns regarding the data. As Bill 
pointed out, ICDM codes are, unfortunately, not very accurate and they 
do not portray what really happens. The one used here, for example, 
used intracranial thrombectomy as part of that code, a procedure we 
rarely do. In addition, at least a widespread practice in the hospitals that 
I have been into is for the administrative clerks to change the coding on 
the discharge sheet. Even though we might fill it out on the floor, they 
will take a position that is financially better for the hospital, if it is legal 
to do so. So it’s not uncommon for the codes to be changed. 

I wonder, Bill, if there was some effort to authenticate or verify that 
these were accurate? 

Bill pointed out that only in-hospital complications were there, and 
so we don’t know what happened to patients later. But perhaps that 
could be addressed in a separate study. 

The costs now in this 10-year study are probably not realistic. Most 
of the diagnostic studies for cerebral-vascular disease are not invasive; 
they’re done on an out-patient basis. So these figures probably are not 
current. 

It’s interesting that the mortality and the stroke rates were not affected 
by the hospital volume, pointing out, once again, I think, what Dr. Ed- 
wards was saying, that what continues to be the most important factor 
in this particular operation is the physician. 

However, when one looks at it by outcome by physician volume, | 
wonder how you would develop the criteria for this stratification into 
three groups, high, middle, and low. Was this done by priority or did 
the figures generate the stratification? Both of these have a statistical 
connotation on outcome. One is self-serving and the other, of course, 
may be informative. 

The other thing in the analysis. You only analyzed high volume com- 
pared to low. I would think that most vascular surgeons doing carotid 
surgery are between 12 and 50 and not between 50 and 100 or 200, and 
probably not less than 10. I would think the figure is generally in the 
middle. I would be interested in what the statistical figures show of high 
compared to middle, which is probably the larger population. 

The other disturbing thing in the manuscript—I noticed that you no- 
ticed it, too, Bill—was despite the fact that your figures show that the 
patients are going to regional centers now for their care, that ts, high- 
volume regional centers, and yet in the latest compilation of the last 2 
years of the study, the stroke rate increased rather than decreased. 

Is this a statistical aberration or is this something we should worry 
about? 

It is a Herculean effort to take statistics like this and attempt to glean 
important information. But it is a study that we need to do and I thank 
Dr. Edwards and Dr. Morris for doing so. 


DR. ROBERT RHODES (Jackson, Mississippi): If I understood the slides 
correctly, it appears that more than half of the carotid endarterectomies 


are performed by low-volume physicians, And I suspect that if we looked ° 


at other diagnoses and procedures throughout this country, we would 
find that most of the medical care is, in fact, delivered by low-volume 
physicians. 
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Regionalization of care for many diagnoses and procedures probably 
could be shown to have similar benefits. This creates an interesting di- 
lemma. A regionalized system for all such medical problems would be 
impractical and is not likely to be desirable. To implement such a system 
we probably would have to give some priority to certain disease processes. 
This priority might be based on an affliction’s loss of productivity to 
society or its cost to payors. In either case, regionalization would have 
great implications for medical care in our society and is not likely to 
answer all the problems. 

I would like to ask Dr. Edwards, first, is 1t correct that more than half 
the cases were performed by the low-volume surgeons? And, second, 
what should our priorities be in terms of assigning diagnoses and/or 
operations to regionalized centers? Also, who should make those deci- 
sions? 


DR. WILLIAM EDWARDS (Closing discussion): Dr. Rhodes’ and Dr. 
Perry’s comments allow me to show this last slide, which shows that 
40% of the carotid endarterectomies were performed by surgeons who 
performed nine or fewer operations. The divisions were decided before 
any of the data were accumulated. 

After the data accumulation, this slide was generated, showing that at 
about nine—this is by physician volume—the mortality rate has decreased 
fairly precipitously and then leveled off. The cost also decreased and 
then leveled off. 

Dr. Perry raised many of the issues concerning the use of a data base 
such as this: the limitations, the ICD-9 codes, and who has put these 
diagnoses on this discharge data. As he says this can be altered by recording 
clerks. They certainly can, because DRGs try to maximize payments to 
hospitals. I think we have our record room clerks come to us with ‘May 
we add such and such codes to these, since this apparently was present 
in the patient’s conditions?’ These are all problems when abstract data 
such as this is used. 

The physician expertise would appear to be important in the declining 
mortality rate. 

In the hands of high-volume physicians, the mortality rate and stroke 
rate is lower when compared to low-volume physicians. Now when com- 
pared to the mid-volume, which is the 13 to 49 range, there was not that 
difference. There was a difference but certainly not as high. 

There was another question you asked concerning cost. Cost has 
changed during this period. And at least from the large data base that 
this was generated from, it would appear as if with decreased length of 
stay, as we all know, as a result of DRGs, but that as high-volume phy- 
siclans are assuming more and more of the carotid endarterectomies, it 
would appear that those patients are discharged from the hospital at an 
earlier time; consequently lower length of stay and consequently less 
cost. There was an additional shorter length of stay in the intensive care 
units, also leading to decreased cost. 

Some of my friends asked me about my presentation of data like this. 
And in all due respect to Dr. Morris, this is his model. And, unfortunately, 
he could not be here to discuss some of this. 
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A laser system coupling pulsed dye laser to a 2-mm fiberoptic 
catheter with incorporated angioscope has been developed for 
recanalization of occluded arteries. Nine patients with superficial 
femoral artery occlusions of 4.5 to 49 cm inilength were operated 
on and the recanalized artery harvested for pathologic exami- 
nation. There were two arterial perforations. The ease of recana- 
lization was determined by plaque composition. Heavily calcified 
and yellow fibro-fatty lesions were rapidly removed. Smooth 
white fibrous lesions resisted laser ablation. Direct angioscopy 
often disclosed discontinuous areas of occlusion that were more 
susceptible to recanalization. These were not seen on preoperative 
arteriograms. Microscopic examination of the specimens showed 
a central core of ablation. There was no evidence of acute damage 
to the vessel wall, with intact internal elastic.lamina demonstrated 
in the recanalized segments. It appears that fibrous lesions will 
require a different laser for ablation; however the delivery /an- 
gioscope systems function satisfactorily. 


plaque in peripheral arteries|has limited appli- 

cation. Although several different lasers have been 
shown in vitro to remove plaque, the major limiting factor 
in human clinical work has been lack of an adequate 
catheter delivery system. The mechanism initially con- 
sisted of a bare fiber coupled to either an Argon or neo- 
dymium-yttrium-aluminum-garnet (Nd:YAG) laser. Use 
of these lasers was associated with unacceptably high per- 
foration rates.! Subsequently a metal cap was placed over 
the laser fiber; this reduced the perforation rate, but ther- 
mal damage to the normal vessel still occurred.” In ad- 
dition ‘hot tip’ probe technology requires the concomitant 
use of transluminal balloon dilation to create an accept- 
able channel in the artery. The excimer laser has dem- 
onstrated an ability to ablate plaque, but Hig is also limited 
by the requirement for balloon dilation.’ Furthermore it 
is difficult to deliver the most effective laser wavelengths 
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through these catheters because the fibers cannot with- 
stand the energy pulses.* 

Pulsed dye lasers that demonstrate a preferential ab- 
sorption of the laser energy by the atheromatous plaque 
have been constructed. The ideal catheter delivery system 
should incorporate a guidance and aiming mechanism to 
locate and ablate exclusively the plaque. This study reports 
the results of a phase I safety trial of a pulsed dye laser 
coupled to an angioscopically guided catheter. 


Methods 


_ The laser chosen for the phase I safety protocol is a 
pulsed dye laser at 480 nanometers (Dye-Med Inc., Marl- 
boro, MA). The laser is coupled to a 2-mm fiberoptic 
catheter with an incorporated angioscope (Medilase Inc., 
Minneapolis, MN). The parameters of the pulsed dye laser 
include a wavelength of 480 nm in the blue visible spec- 
trum. The repetition rate can be varied between 1 and 5 
cycles per second (Hz). The pulse width is 100 microsec- 
onds. The energy level ranges from 80 to 150 millijoules 
(mJ) at the tip of the catheter. The laser requires no special 
alterations to the operating room because it can be op- 
erated from a dedicated single-phase 220-V line, and it is 
water cooled. The Coumarin 480 dye is easy to handle, ` 
nontoxic, and there are no toxic gases produced by the 
laser. The 2-mm catheter includes three ports consisting 
of the angioscope, the laser fiber, and an irrigating channel. 
Figure 1 shows the catheter tip. This catheter can be 
adapted for use with multiple laser energy sources, and 
fluoroscopy is not necessary. A total of 10 limbs in nine 
patients were operated on after obtaining informed con- 


sent according to the FDA protocol and the Institutional 
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Review Board. All patients had superficial femoral artery 
occlusions of 4.5 to 49 cm in length. Each patient had 
standard preoperative evaluation, including noninvasive 
vascular laboratory studies as well as arteriography. Eight 
of the nine patients had progressive claudication over a 
6- to 9-month period that failed to respond to standard 
medical management. One patient presented with rest 
pain and gangrene of two toes in the right foot. Table | 
outlines the risk factors for peripheral vascular disease 
that were present among these nine patients. 


Operative Technique 


The common femoral, superficial femoral, and pro- 
funda femoral arteries were exposed through standard 
groin incisions. The catheter was then connected to the 
laser by a sterile, flexible coupling cable. The cable for the 
sterile imaging bundle was connected to the catheter. The 
irrigation port was continuously flushed with heparinized 
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FIG. 1. Medilase catheter tip. The catheter contains three channels, in- 
cluding the laser fiber seen at the top right, illumination and imaging 
bundle seen at the bottom right, and the irrigation port seen to the left. 
FIG. 2. Occluded superficial femoral artery at the adductor canal from 
patient 2 (Gomori’s Trichrome, X4). The photomicrograph section shows 
typical total obliteration of the lumen of the artery with white fibrous 
plaque. FIG. 3. Laser recanalized segment of superficial femoral artery 
from patient 5 (Gomori’s Trichrome, <4). The photomicrograph shows 
the central core of recanalization surrounded by a thin rim of residual 
plaque. Note the intact internal elastic lamina (arrow). 


saline at 250 mmHg. The patient was given systemic hep- 
arin (100 U/kg) and a vascular clamp placed across the 
common femoral artery. An arteriotomy was made in the 
common femoral artery. The Medilase catheter (Medilase 
Inc., Minneapolis, MN) was then introduced through the 
arteriotomy, and advanced to the level of obstruction un- 
der direct angioscopic control. After inspection of the area 
of occlusion, the laser was set to deliver between 80 and 
100 mJ of energy for calcified or fatty plaque, and 120 to 
150 mJ for smooth white fibrous plaque. The laser was 
then activated as gentle forward pressure was applied to 
the catheter to hold it against the plaque. After 20 to 30 
pulses, the area was inspected through the angioscope, 
and the laser energy adjusted based on the appearance of 
the crater created. After the laser had opened a channel 
through the lesion, the catheter was withdrawn slightly 
and by a combination of rotation and external compres- 
sion, it was angled to enlarge the lumen. After the lesion 
was completely traversed by the laser, an intraoperative 
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TABLE 1. Risk Factors for Peripheral Vascular Disease 





Risk Factor Number of Patients* 
Diabetes 
Hyperlipidemia 
Tobacco use 
Hypertension 

Alcohol abuse 
Cerebrovascular disease 


NUANÇA © 


* Multiple risk factors were present in some patients. 


arteriogram was obtained. The laser-treated segment of 
artery was harvested for pathologic examination, and the 
patient then had a standard femoral-popliteal bypass using 
either reversed saphenous veins or 6-mm polytetra-fluo- 
roethylene grafts. 


Results 


Table 2 shows a comparison of the arteriographic and 
angioscopic appearance of the superficial femoral artery 
occlusions in these nine patients. There are several ob- 
servations that are apparent. The first is the inadequacy 
of the preoperative arteriogram in predicting the success 
or failure of laser recanalization of the artery. In the two 
instances where smooth continuous white fibrous plaque 
was observed angioscopically, there was no evident effect 
of the laser in removing this plaque, regardless of the 
length of the occlusion. In one instance where a contin- 
uous occlusion was observed to consist of complex fatty 
and calcified plaque, total recanalization of the artery oc- 
curred. This lesion, however, was a short segment total 
occlusion of only 5 cm. In the remaining five limbs, where 
discontinuous plaques were observed, varying lengths of 
recanalization was accomplished, ranging from 14.5 cm 
to 32 cm. It appears from these results that the length of 
the occlusion per se was not a good predictor of success. 
Rather a discontinuous series of short occlusions or the 
presence of a complex, fatty, and calcified plaque were 
the findings associated with successful recanalization. In 
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each instance where the total length of occlusion could 
not be recanalized, microscopic examination of the artery 
at this point demonstrated the occurrence of predomi- 
nantly white fibrous plaque. Figure 2 shows the micro- 
scopic appearance of such a lesion from patient 2 at 28 
cm from the origin of the superficial femoral artery, where 
the catheter could no longer be advanced. This photo- 
micrograph shows the typical appearance of smooth white 
fibrous plaque totally occluding the lumen of the artery. 
There is no evidence of recanalization by the laser at this 
point. Figure 3 is a section taken from the midportion of 
the recanalized artery harvested from patient 5. This 
demonstrates a recanalized central core with a thin rim 
of residual plaque. Acutely there is no evidence of damage 
to the artery, and the internal elastic lamina remains in- 
tact. 

The complications occurring in these nine patients 
consisted of two instances of perforation of the artery. 
One was mechanical and occurred on insertion of the 
catheter. The second was a perforation occurring when 
the laser was discharged in the presence of thrombus ad- 
herent to the wall of the artery. No distal embolization 
of debris was observed in this study. Furthermore no ev- 
idence of dissection of the arterial wall was observed. 


Discussion 


In the past few years there has been an intense interest 
in endovascular techniques for treating atheromatous ar- 
terial disease. Balloon dilatation is the most widely used 
method, but it can be applied to less than a third of patients 
presenting with arterial stenoses in the extremities.’ Al- 
though the controlled expansion balloon developed by 
Gruntzig and Hopff® causes less damage than the coaxial 
method originally proposed by Dotter and Judkins,’ ar- 
terial injury occurs each time. Intimal flaps and dissections 
are almost always formed, and attenuation of the wall 
with occasional disruption has been reported. Even if 
initial patency is obtained, the trauma to the vessel wall 


TABLE 2. Comparison of Arteriographic and Angioscopic Appearance of Superficial Femoral Artery Occlusions 


Arteriographic Appearance 


Length of 
Patient Location Occlusion (cm) 

l Mid SFA PA 
2 Total SFA 46.5 
3 SFA 7 cm distal to origin 49.0 
4 Total SFA 24.5 
5 Mid SFA 5.0 
6 Total SFA 41.5 
7 Total SFA 25.0 
8 Mid SFA-R 16.0 

Total SFA-L 235 
9 Total SFA 33.0 


Length of 
Recanalized 


Angioscopic Appearance Segment (cm) 


Continuous white fibrous plaque 0 
Discontinuous complex plaque 28.0 
No image* 0 
Continuous white fibrous plaque 0 
Continuous complex plaque 5.0 
Discontinuous complex plaque 15.0 
Discontinuous complex plaque 14.5 
No image* 0 
Discontinuous complex plaque 23.5 
Discontinuous complex plaque 32.0 


* No image was obtained due to the misalignment of the cable connection to the laser. 
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apparently incites the development of neointimal hyper- 
plasia, which leads to a significant restenosis rate, often 
requiring additional dilations, or surgical reconstruction.’ 

Recent technological advances permit various lasers to 
be used in attempts to obtain a smooth, less hostile luminal 
surface after dilatation. Moreover complete occlusions of 
arteries can be treated by balloon dilatation if a channel 
for the guidewire can be created by the laser. Attempts to 
deliver the laser energy through a bare fiber resulted in 
severe damage to the artery. The end of the fiberoptic 
catheter was then covered with a metal cap. This ‘hot zip’ 
laser was used to open a small channel for the guide wire 
and balloon.” As experience was gained with this method, 


it soon became clear that the thermal damage was exten- ` 


sive, and recent reports describe only 50% or less patency 
rates at 6 months.'*!! Furthermore it was pointed out 
that the tip could be heated by radiofrequency or catalytic 
means rather than the expensive laser system if the teat 
injury problem could be overcome. !? 

A new method using computer control of the laser has 
been developed. Often called the ‘smart laser,’’! visible 
laser light is used to induce fluorescence in the athero- 
matous plaque.'? The patterns of fluorescence are ana- 
lyzed by computer and the laser energy delivered only 
when a plaque 1s identified. Despite the attractive theory, 
the overlap in fluorescence patterns precludes absolute 
separation of plaque from normal arterial wall. Thus suc- 


cessful reopening of diseased vessels without wall damage’ 


is not often achieved. Even when it works, adjunctive 
balloon dilatation is required to obtain a satisfactory 
lumen.!* 

Newer fiberoptics permit the application of lasers that 
previously could not be used because of absorptior by 
and damage to the delivery fiber. Photochemical disso- 
lution of molecular bonds leading to plaque ablation is 
possible with some of these lasers. The excimer laser has 
been tested in this area, and a recent report describes suc- 
cessful reopening of 77% of the diseased superficial femoral 
arteries treated, but again balloon dilatation was needed 
to enlarge the channel.‘ The early results are disappointing 
because of a 29% restenosis rate within 9 months. 

These rather somber reports have raised the question 
of whether the endovascular techniques are already 
doomed.!> The intense marketing effort that fueled the 
widespread use of the ‘hot tip’ laser, and its poor results, 
have led to a great deal of pessimism regarding this meth- 
odology. It is clear that basic research must be completed 
before additional devices are put into general use. 

The primary objective of a phase I safety study is to 
assess the potential for harm of a new method. The design 
of this study requires a careful pathologic examinatian of 
the treated arteries; therefore only acute changes can be 
evaluated. The mechanical perforation seen in this study 
was Clearly related to catheter manipulation, but the cther 
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one was caused by the laser. This perforation underlined 
one of the problems with the system: it is difficult an- 
gioscopically to determine the depth of a laser-produced 
crater. The principal limitation of the angioscope is its 
inability to assess the depth of penetration of the plaque 
within the arterial wall, as it can only visualize the surface 
of the lesion. Three-dimensional anatomy is not easily 
seen either directly or on the video screen. As shown by 
examination of specially stained sections of the treated 
femoral arteries, the arterial wall was not otherwise dam- 
aged. This is one of the ‘cold’ lasers, and no heat injury 
was expected, but photochemical reactions can occur, and 
these might not be seen on the fresh specimen. Longer- 
term follow-up, perhaps with pathologic samples for ex- 
amination, will be needed to assess late results. The ad- 
ditional question of whether this laser system will, similar 
to balloon dilation, incite the development of neointimal 
hyperplasia, can be answered only by longitudinal stucies. 

Most of the endovascular methods of plaque removal 
have created only a small opening, usually 2 to 3 mm in 
diameter. This clearly is insufficient, and thus balloon di- 
lation has been necessary to enlarge the channel. The laser 
used in the current study is capable of removing most of 
the plaque, but the configuration of the catheter tip directs 
the beam straight ahead. An angled tip is needed, with 
rotational properties, to permit the beam to be applied to 
the entire circumference of the lesion. In conjunction with 
the new tip, intraluminal ultrasound probes can be used 
to obtain an image of the arterial wall layers, and the 
newly created channel.'° This promises to be more helpful 
than direct angioscopy in evaluating the opening, and in 
directing the laser energy to the plaque. 

The laser can readily ablate the usual calcified ather- 
omatous plaque, but the smooth white fibrous lesicn is 
resistant to ablation by laser energy levels at 480 nm. This 
is most likely due to the absence of color in the surface 
of the lesion, decreasing the amount of laser energy ab- 
sorbed. The level of energy approved by the FDA for this 
study is modest, and perhaps an increase in millijoules 
and exposure time would be sufficient. Using the intra- 
luminal ultrasound probes, the beam could be safely ap- 
plied only to the plaque. In reality the laser could be 
changed if need be; the heart of the method is the catheter 
delivery system, and the suggested modifications should 
solve some of the current problems. 

The discontinuous configuration of atheromatous dis- 
ease of the superficial femoral artery renders it more sus- 
ceptible to plaque removal. A long, predominantly fibrous 
lesion clearly would be more of a problem than a series 
of short obstructions, whereas a series of discontinuous 
occlusions was associated with a greater likelihood of suc- 
cessful recanalization. Preoperative arteriography was not 
useful in predicting the success of recanalization, as 1t was 
unable to distinguish between patients with continuous 
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occlusions versus those patients who had multiple discrete 
segmental occlusions. This feature is perhaps one of the 
reasons why complete mechanical endarterectomy of the 
artery can be difficult to obtain. The endarterectomy de- 
vices may skip over the thinner, relatively normal segment 
of artery, thus creating a shelf of diseased intima that pos- 


sibly could lead to local thrombosis. Laser ablation of the’ 


plaques should not cause these changes. In fact, the 
pathologic studies of treated arteries reported herein 
showed a smooth, clear luminal surface without flaps or 
dissections. 

The numerous reports of failure surrounding laser-as- 
sisted balloon dilation of arteries was not unexpected. It 
was already clear that balloon dilation caused extensive 
vessel damage, and most attempts to treat lesions longer 
than 10 cm are unsuccessful.” The ‘hot tip’ laser was 
deployed prematurely, without a careful scientific eval- 
uation, and thermal injury was predictable. The weak 
hope that ‘heat glazing’ of the arterial wall would somehow 
improve the flow surface and resist platelet aggregation 
and thrombosis has not been realized.'®!9 These discour- 
aging results do not imply that all endovascular methods 
- are now to be abandoned, but they do emphasize that 
carefully designed and executed laboratory and clinical 
studies are required before these methods are adopted as 
standards of care.”° 

It is necessary that all patients entered with an ‘intention 
to treat’ be included in the long-term follow-up. It is not 
acceptable to discard those in whom initial ‘technical suc- 
cess’ is not obtained. Life-table methods of evaluation are 
needed, and objective means of follow-up, based on phys- 
1ologic and anatomic data, are required if a realistic as- 
sessment of the procedure is to be made. The phase II 
efficacy study now beginning is designed to answer some 
of these questions. 
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infrainguinal occlusions. The results have been somewhat disappointing, 
which is in line with that reported in the literature. 

Our interventional cardiologists, however, have had a much larger 
experience with the Eximer laser, treating 100 patients with coronary 
atherosclerosis, primarily to enlarge the lumen through long stenotic 
lesions sufficiently to permit balloon dilatation. They have had two per- 
forations, one of which required urgent operation. Acute arterial dissec- 
tions and late restenosis are significant problems that continue in their 
experience as well. 

I have several questions for the authors. Using their angioscope, can 
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the operator observe while the laser energy is actually applied? Or does 
the focal length of your scope permit only intermittent viewing during 
treatment? 

Will your anticipated refinements allow more precise steering and 
aiming of the laser beam? In your phase I study you attempted to create 
a lumen in several segmental occlusions more than 40 cm long. Even 
with more sophisticated techniques for true laser ablation, do you not 
expect that greater success will occur with the shorter lesions over time? 

And, finally, do we really have to achieve the same long-term patency 
with endovascular techniques as with surgical bypass grafting to show 
efficacy? If the laser method can be improved to the point that it could 
be repeated periodically with little morbidity but the desired overall clin- 
ical effect, would that not be an acceptable alternative, particularly in 
poor risk patients? 


DR. JIM SEEGAR (Gainesville, Florida): I also wish to compliment Dr. 
Perry on his excellent presentation and thank him for providing me with 
his manuscript to review. 

What you have seen is a phase I trial, as we have seen with many laser 
systems that previously were and now are being used. This system is 
unique in that it provides angioscopic guidance along with a pulse dye 
laser system. 

I agree with two of the conclusions that Dr. Perry presented, including, 
first, that angiography is inadequate to characterize the lesion io be treated 
by an endovascular technique as opposed to a bypass technique. And, 
second, that the composition of the treated lesion is of critical importance 
in these kinds of technologies. 

However the question must be raised as to whether this new system 
is truly better than the systems that are currently on the market or ap- 
proaches the ideal laser delivery system that we would all like to see. 

This ideal laser delivery system would allow precise delivery of laser 
energy, probably using multiple different wavelengths to areas of occluding 
atherosclerotic plaque and thrombus or providing a very accurate as- 
sessment of our ability to differentiate occluding plaque from normal 
arterial walls. 

This system uses angioscopy for plaque discrimination and laser aim- 
ing. While you clearly can aim the laser with the angioscope, it has been 
our experience with angioscopy, as indicated by Dr, Perry, that it is very 
difficult to distinguish the arterial wall from the atherosclerotic plaque 
at times and to determine when you have actually passed through the 
arterial wall, 

The pulse dye laser probably is an inadequate laser for recanalization. 


This laser in this study was able to recanalize thrombotic occlusions and — 


probably fatty plaque but not fibrotic occlusions. And this would mean 
that it would act pretty much like all the other systems available now. 

Finally it is important that we recognize that phase I trials are often 
misleading. In our initial phase I trial of the Argon laser and the hybrid 
probe, we were able to show that we had perforation in only two of nine 
patients, that angioscopy appeared to be an adequate guidance system, 
that minimal wall injury and minimal debris were produced, and that 
recanalized lesions appeared adequate for improved distal flow. All of 
that clearly was not correct. 

I have four questions for Dr. Perry. The first is — and I think he 
partially answered this, but I would like him to elaborate on it a bit. The 
angioscopic identification of calcified plaque, was that compared to mi- 
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croscopic observations? How do we know that what was not being re- 
canalized in this study was not merely thrombotic occlusions that could 
have, in reality, probably been recanalized with thrombolysis? 

Second, was any effort made to reperfuse these vessels to determine 
luminal thrombogenecity? 

In contradistinction to what Dr. Perry said, in vitro data would suggest 
that pulse lasers are actually more thrombogenic than the continuous 
wave lasers. 

Third, can this system be used percutaneously? Our experience has 
been that our intraoperative attempts have had a significantly lower suc- 
cess rate than percutaneous procedures, and disturbingly, that wher in- 
traoperative attempts were made and failure occurred, we saw an in- 
creased incidence of complication with immediate bypasses. Did any of 
these patients have problems with their bypasses after this phase I trial? 

And, finally, can this system be used to create an adequate channel? 
A 2- to 4-mm channel probably is not adequate in a 6-mm vessel for 
improved distal flow. 


Dr. MALCOLM O. PERRY (Closing discussion): In regard to the ques- 
tion about the angioscope, we have to turn it off when the laser is on, 
so it is intermittent, and that is one of the problems. The steering is very 
poor; it requires a lot of manipulation, and that accounts for some of 
the eccentricity of the core sample and, the inability to create a proper 
channel: The angled tip and the ultrasound probe, we hope, will enable 
us to apply the energy properly. - 

I agree wholeheartedly that in poor-risk patients this technique has a 
place versus surgery. It looks to me, though, that we will have to accu- 
mulate a large number of patients to determine that, and it will be a few 
years in the future. 

There was premature deployment of some of these other systems before 
they had been adequately tested in the long term, and we certainly would 
not want to make that mistake. It may have a place in poor-risk patisnts. 

We have looked at it only during operation and harvested the specimen. 

Dr. Seegar, of course, you are an expert in this business, which [ am 
not. Multiple wavelengths are important, and that might be the answer 
to the problem with the fibrous plaque. It is white and glistening compared 
to a chromophore, for example, and the ability to handle it. 

As I mentioned earlier, Dr. Reilly is exploring the possibility of using 
a solid-state laser rather than the Cumarand at 480 nm that we are now 


‘using. That plus the increased power might do it. It is an inadequate 


laser for this. I think our studies have documented that. 

We do know about the pathologic condition in those vessels because 
the plaque was incompletely removed in each instance. All of these were 
patholcgically examined after the specimens removed; therefore we know 
what happened to them. We can not comment on the thrombogenesis 
because all the specimens were harvested. That will be part of the phase 
II efficacy study. 

Of more concern to me at the outset was this problem with inciting 
of neointimal hyperplasia that seems to occur after all of these tntralu- 
minal ablations. 

None of the patients had a problem with bypass. Dr. Reilly treated 
them all; all had a bypass, and they all worked. A 2-mm channel clearly 
is not edequate. We wanted to avoid the problem with balloon dilation, 
and we think we need to ablate all or most all of the plaque if this is 
going to work. 
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This retrospective review of data collected during a recent 42- 
month period from 58 consecutive patients with ischemic ne- 
phropathy submitted to operative management in the authors’ 
center was undertaken to report the rate of decline in their renal 
function during the period before intervention and to examine 
the impact of operation on their outcome. Based on serum cre- 
atinine values, immediate preoperative estimated glomerular fil- 
tration rates (EGFR) ranged from 0 to 46 mL/minute (mean, 
23.85 + 9.76 mL/minute). Eight patients were dialysis dependent 
or anuric at the time of operation. Patients with at least three 
sequential measurements for calculations of EGFR changes dur- 
ing the 6 months before operation (n = 50) and the first 12 
months after operation (n = 32) were used to describe the pre- 
operative rate of decline in EGFR and the impact of operation 
on this decrease in the operative survivors. In addition compar- 
ative analyses of data from patients with unilateral versus bilateral 
lesions and patients classified as having improvement in EGFR 


yersus no improvement after operation were performed. Com- 


parison of the immediate preoperative EGFR with the immediate 
postoperative EGFR for the entire group showed significant im- 
provement in response to operation. Likewise the rate of dete- 
rioration in EGFR for the total group was improved after op- 
eration. A similar improvement in the rate of deterioration in 
EGFR was seen in the subgroup of patients who received an 
immediate improvement in EGFR in response to operation. These 
data argue that ischemic nephropathy is a rapidly progressive 
form of renal insufficiency. Although individual responses to op- 
eration were heterogeneous, renal revascularization may provide 
both immediate improvement in renal function and an improve- 
ment in its rate of deterioration during follow-up in patients with 
ischemic nephropathy. 


CCLUSIVE DISEASE OF the renal artery may pro- 
duce two pathologic sequelae. Through in- 
creased stimulation of the renin—angiotensin 
system, such lesions may secondarily lead to the produc- 
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tion of renovascular hypertension (RVH). Separately se- 
vere occlusive disease may lead to inadequate effective 
renal plasma flow and diminish excretory function of the 
kidney. Traditionally study of the sequelae of renovascular 
occlusive disease has centered on the pathophysiology and 
management of the resultant renovascular hypertension. 
Recent reports, however, have emphasized the potential 
for simultaneous retrieval of excretory function in some 
patients with combined hypertension and renal insuff- 
ciency.’~? These observations have renewed awareness of 
this functional consequence of renal ischemia and have 
led to the coinage of the term ischemic nephropathy. By 
definition, ischemic nephropathy reflects the presence of 
anatomically severe occlusive disease of the extraparen- 
chymal renal artery in a patient with excretory renal in- 
sufficiency. 

Enthusiasm for the role of renal revascularization in 
patients with ischemic nephropathy has led some surgeons 
to use empiric correction of renovascular occlusive disease 
using the unproven hypothesis that such correction might 
prevent the subsequent loss of excretory renal function. 
Such an approach implies that ischemic nephropathy is 
a progressive form of renal insufficiency and that renal 
revascularization will have a salutary impact on its natural 
history. Unfortunately little information is available in 
the literature from which such a premise can be argued. 

This retrospective review of data collected during a re- 
cent 42-month period from patients with ischemic ne- 
phropathy submitted to operative management in our 
center was undertaken to describe the demography of such ` 
patients, to report the rate of decline in their renal function 
during the period before intervention, and to examine the 
impact of renal revascularization on these changes. 
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Demography of Patient Population 


During the period from January 1, 1987 through June 
30, 1990, 178 patients were submitted to elective operation 
for renovascular occlusive disease at the Wake Forest 
University Medical Center by the authors of this article. 
The subgroup of 58 patients with ischemic nephropathy 
who had at least moderate azotemia and serum creatinine 
of not less than 1.8 mg/dL at the time of operation con- 
stitutes the population evaluated in this report. There were 
30 men and 28 women. Ages ranged from 22 years to 79 
years (mean, 63 years; median, 64 years). Age distribution 
by decade is shown in Figure |. Race distribution included 
54 whites, 3 blacks, and 1 East Indian. Hypertension was 
present in all patients and ranged in duration from 6 
months to 30 years. Only 12 patients (21%) had been 
hypertensive for less than 5 years. Highest known blood 
pressures in the group ranged from 180/100 mmHg to 
250/140 mmHg. Drug regimens used for control of hy- 
pertension before operation ranged from two to six agents. 
Eight patients had diabetes mellitus (14%), and 48 patients 
(83%) had a history of cigarette abuse. 

Fifty-one patients (88%) manifested one or more of the 
following clinical features of extrarenal site-specific ath- 
erosclerotic damage: cardiac disease (86%), cerebrovas- 
cular disease (36%), and peripheral vascular disease (26%). 
Seventeen patients (29%) had required one or more hos- 
pitalizations for treatment of decompensated congestive 
heart failure with acute pulmonary edema during the year 
before operation. 


Materials and Methods 


Entry into the group reported in this article required 
that the patient have a serum creatinine value of at least 
1.8 mg/dL at the time of operation in the absence of po- 
tential nephrotoxic agents (é.g., angiographic contrast 
material, angiotensin-converting enzyme inhibitors, or 
high-dose diuretics) and after correction of dehydration. 


AGE DISTRIBUTION BY DECADE 
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Fic. 1. Graphic depiction of the age distribution of patients with ischemic 
nephropathy included in the report. 
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TABLE |. Preoperative EGFR Values 


Number of 
EGFR Value (mL/min) Patients % 
40-49 2 3 
30-39 7 12 
20-29 29 50 
10-19 9 16 
Dialysis and EGFR < 10 li 19 


EGFR Estimated glomerular filtration rate 


Serum creatinines at operation ranged from 1.8 to 15.3 
mg/dL. In addition to the immediately preoperative serum 
creatinine value, all measurements of serum creatinine 
obtained during the 6-month period before operation and 
for the period between 1 week and 1 year after operation 
were rezistered in the database for analysis in this study. 


Data Management 


For purposes of this study, all serum creatinine values 
were transferred to a calculated measure of estimated glo- 
merular filtration rate (EGFR) by integrating the patient’s 
sex, age, weight, and body surface area (BSA), using the 
formula of Cockroft and Gault* adjusted for body surface 


- area? as follows: 


Estimated glomerular filtration rate = (140 — age) 
(weight)/(72)(serum creatinine) X 1.73/BSA, where BSA 
was calculated using the following formula: BSA 
= (Height) (0.725 cm) X (Weight) (0.425 kg) X 0.0007 184. 
Finally the EGFR values for female patients were mul- 
tiplied by 0.85 to correct for an average lower rate of cre- 
atinine synthesis in females. 

Usirg this methodology EGFR values immediately be- 
fore operation ranged from 0 to 46.0 mL/minute (mean, 
23.85 mL/minute). Seven patients were dialysis dependent 
for 6 to 54 days before operation. One additional patient 
became anuric 12 hours before surgery. Table 1 sum- 
marizes the immediate preoperative EGFR values by se- 
verity grouping. 

Statistical methods. Descriptive statistics (e.g., means, 
standard deviations, and so on, of continuous data, and 
frequencies and relative frequencies of categoric data) were 
computed, and the data were examined to verify that as- 
sumptions of statistical tests were met. Postoperative sur- 
vival rate was estimated using the product-limit method.® 
The EGFR was calculated from serum creatinine mea- 
surements as described earlier. The natural logarithm 
transformation of EGFR was analyzed. A linear regression 
model was used to estimate the rate of deterioration of 
the natural log of EGFR separately for the 6 months before 
and 12 months after surgery. Mean slope was estimated 
by a weighted average of the individual slopes, using the 
inverse of their estimated variances as weights. Only sub- 
jects with at least three preoperative or at least three post- 
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operative serum creatinine measurements with the ap- 
propriate time intervals were used to estimate the pre- 
operative and postoperative slopes. Mean percentage 
changes in EGFR during the preoperative and postop- 
erative periods for groups of patients were calculated using 
the following formula: mean percentage per week decrease 
= 100 X (1-e™®2” slope), 

Paired t tests were used to test the significance of the 
initial increase in renal function, estimated as the differ- 
ence between the last preoperative and first postoperative 
EGFRs. An analysis of 26 subjects with both preoperative 
and postoperative slopes demonstrated that the slopes 
were not correlated within subject (r = 0.0927, p 
= 0.6525); therefore unpaired t tests were used to test for 
significant differences between preoperative and postop- 
erative slopes. Tests for significant differences in mean 
slopes by improvement status and lesion site were per- 
formed using unpaired t tests. 

In addition to data available from the 58 patients sub- 
mitted to elective operation, data from three’ remaining 
patients with ischemic nephropathy were included in cal- 
culations of the preoperative rates of deterioration of 
EGFR. Two of these patients were evaluated at our center, 
but they were not treated by the authors. The remaining 
patient was treated by emergency operation for total renal 
artery thrombosis after an attempted percutaneous trans- 
luminal angioplasty. 


Definitions 

Blood pressure response to surgery. Blood pressure and 
antihypertensive medication requirements at a point at 
least 8 weeks after operation were used for analysis of 
hypertensive response to operation. Cure was defined as 
a diastolic blood pressure less than or equal to 95 mmHg 
on no antihypertensive therapy. Patients were considered 
improved if they met the criteria of the following algo- 
rithm: (1) if diastolic pressure was controlled (< 95 
mmHg) before surgery, medication requirements to 
achieve control must have been significantly reduced 
(equivalent of a reduction of two drugs); (2) for those 
patients whose blood pressures were not controlled before 
surgery and a drop in diastolic pressure of less than 20 
mmHg was associated with postoperative control, medi- 
cation requirements must have been reduced by at least 
the equivalent of one drug; (3) achievement of control 
with a drop in diastolic blood pressure of at least 20 mmHg 
on no more medications than were used before surgery. 
Patients not meeting these criteria for classification as 
cured or improved were categorized as failed. 

Renal function response to surgery. A clinically signif- 
icant change in global excretory renal function was char- 
acterized as a change in EGFR by at least 20%. Estimated 
glomerular filtration rate values obtained at least 1 week 
after operation were used for classification. Patients were 
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categorized as improved if they were no longer dependent 
on dialysis or if an increase in EGFR of at least 20% was 
realized. Patients were considered worsened if there was 
a decrease in EGFR of 20% or more or if the institution 
of dialysis was required. All others were considered to 
have had no change (+ 19% change). 


Patient Management 
Preoperative Evaluation ` 


In addition to a complete medical history, physical ex- 
amination, and resting electrocardiography, 37 patients 
underwent further cardiac evaluation. These evaluations 
included resting echocardiography (27 patients), exercise 
echocardiographic or electrocardiographic stress testing 
(17 patients), and coronary arteriography (18 patients). 
Cardiac reserve was assessed before operation tn three pa- 
tients by overnight pulmonary artery cannulation with 
measurements of cardiac performance during volume 
loading. Coronary arteriography results showed at least 
moderate coronary artery atherosclerosis in all patients 
studied. This led to preliminary coronary artery bypass 
grafting in three patients. Table 2 summarizes cardiac risk 
factors for operation identified from both clinical assess- 
ment and diagnostic evaluation. 

Renal arteriography was performed by the Seldinger 
technique and iohexol (Omnipaque, Winthrop Phar- 
maceuticals, New York, NY) by use of either conventional 
arteriography (56 patients) or intra-arterial digital sub- 
traction arteriography (two patients). Significant renal ar- 
tery disease (=>80% area reduction) was present unilaterally 
in 20 patients (6 occlusions; 14 severe stenosis: 12 ostial, 
2 nonostial). Five of these patients had severe disease of 
the renal artery to a solitary kidney. Significant bilateral 
disease was present in 38 patients (31 occlusions; 45 severe 
stenoses: 44 ostial, 1 nonostial). Renal artery disease was 
caused by atherosclerosis in all but three patients. These 
remaining three patients had fibromuscular dysplasia. 


TABLE 2. Summary of Cardiac Risk Factors 


Number of 
Factor Patients % 
Clinical history 

Angina pectoris 22 38 
Congestive heart failure 19 33 
Coronary artery bypass 5 9 

Electrocardiogram 
Left ventricular hypertrophy 43 74 
Strain pattern 5 9 
Prior myocardial infarction 23 40 
Arrythmias 10 17 
Abnormal echocardiography 2 a, 
Abnormal stress test 5 9 
Positive coronary arteriogram 18 31 
At least one factor present 49 85 
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Four patients had undergone previous nephrectomy, and 
one patient had a congenitally absent contralateral kidney. 
An associated abdominal aortic aneurysm was present in 
15 patients, and severe occlusive aortoiliac disease was 
present in 27 patients. i 

Twenty patients were evaluated with renal vein renin 
assays. Lateralization (ratio more than 1.5 to 1.0) of renin 
activity was found in 7 of 14 patients with unilateral le- 
sions and in 4 of 6 patients with bilateral lesions. Split 
renal function studies were performed in only six patients. 
Although the tests demonstrated reduced excretory func- 
tion in the involved kidneys, they were interpreted as being 
positive using our previously reported criteria’ in only 
three patients. 


Operative Treatment 


Before the operative procedure was begun, all patients 
had pulmonary artery catheters inserted and radial arteries 
cannulated for continuous monitoring of hemodynamic 
parameters during the perioperative period. Other routine 
components of our operative management for renal pro- 
cedures have been detailed elsewhere.® 

Ninety-six kidneys underwent operation. Nineteen pa- 
tients underwent unilateral renal artery repair. Thirty-four 
patients underwent bilateral repair, and four patients had 
unilateral repair with contralateral nephrectomy of a 
nonfunctioning kidney with a nonreconstructible artery. 
One patient was treated with primary nephrectomy only. 
No patient undergoing unilateral repair had uncorrected 
significant contralateral renal artery disease. Renal revas- 
cularization was accomplished by aortorenal bypass 
grafting in 45 instances. Autogenous saphenous vein was 
used in 32 of these, and expanded polytetrafluoro-ethylene 
grafts were used for 13 reconstructions. Renal artery 
reimplantation was used for four vessels, and throm- 
boendarterectomy was used in 42 vessels. Seventeen pa- 
tients underwent simultaneous aortic reconstruction for 
correction of abdominal aortic aneurysm (11 patients) or 


TABLE 3. Operative Mortalities 


Preoperative 
Age EGFR 
(yrs) ml/min Procedure Cause of Death 
68 20.5 Bilat. revasc. Postoperative bleeding 
+ AAA 
69 32.3 Bilat. revase. Pneumonia, MSOF 
69 23.2 Unilat. revasc. CVA 
+ AAA 
72 9.5 Unilat. revasc. CVA, renal failure 
+ AAA 
76 23.6 Bilat. revasc. Pneumonia, MSOF 


Bilat., bilateral; revasc., renal revascularization; unilat., unilateral; 
AAA, abdominal aortic aneursym; MSOF, multiple system organ failure; 
CVA, cerebrovascular accident. 
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Estimates of Postoperative Survival 


Proportion Surviving 
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Fic. 2. Kaplan—Meir life table analysis of survival for the patients included 
in the report. 


severe aortic occlusive disease (six patients). Among these 
simultaneous aortic procedures, 6 patients had unilateral 
renal artery repair, 10 patients had bilateral repair, and 1 
patient had unilateral repair with contralateral nephrec- 
tomy. 


Results of Operation 
Postoperative Morbidity and Mortality Rates 


Early events. Five patients died in the early postoper- 
ative period and are considered operative mortalities. 
These deaths produced an overall operative mortality rate 
of 9%. Table 3 summarizes the pertinent clinical data in 
these patients. 

Major nonfatal postoperative morbidities that signifi- 
cantly prolonged hospital stay occurred in 12 patients. 
These were prolonged ileus (1), congestive heart failure 
(2), myocardial infarction (1), arrhythmia requiring pace- 
maker insertion (2), respiratory failure requiring pro- 
longed intubation (1), pneumonia (3), pedal cholesterol 
embolization (1), pseudomembranous colitis (1), ascites 
requiring peritoneal-venous shunt insertion (1), and ac- 
tivation of peptic ulcer disease (1). In addition one op- 
erative survivor who was dialysis independent before op- 
eration required initiation of chronic renal dialysis in the 
immediate postoperative period. The immediate preop- 
erative EGFR value in this patient was 7.1 mL/minute. 

Late events. Follow-up ranged from 2 to 41 months 
(mean, 19.8 months). Seven of the 53 patients (11%) who 
survived operation have required initiation of chronic 
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TABLE 4. Blood Pressure Response to Operation 


Response Number of Patients % 
Cured 8 15 
Improved 4] 77 


Failed 4 g 


renal dialysis for treatment of progressive deterioration 
in renal function at 1 week to 36 months after operation. 
Three of these patients had received initial improvement 
in EGFR by operation. The other morbid event requiring 
repeat hospitalization during the follow-up period for 
management of a renal related problem was thrombosis 
of bilateral renal artery bypass grafts in one patient at 10 
weeks after operation (both were corrected by reopera- 
tion). 

There were nine deaths during the late follow-up period. 
These occurred at 2 to 34 months after operation. Each 
of these deaths was from a cardiovascular origin. Survival 
after operation for the entire group is summarized in Fig- 
ure 2 using Kaplan-Meier life-table analysis. Four of the 
nine patients who died (44%) during follow-up were di- 
alysis dependent at the time of death. Similarly four of 
the nine patients (44%) who became or remained dialysis 
dependent after operation have died. 


Blood Pressure Response 


Using the aforementioned criteria for classification, 
Table 4 summarizes the blood pressure response in the 
53 patients who survived operation. Eight patients (15%) 
were cured of hypertension, 41 patients (77%) received 
significant improvement in the severity of hypertension, 
and four patients (8%) received no benefit and were clas- 
sified as failures. 


LAST PREOP AND FIRST POSTOP EGFR 


Mean = 32.72 
EGFR 


(ml/min) 


Mean = 22.41 





Preop Postop 


Surgery 
FIG. 3. Comparison of the mean EGFR immediately before and at least 


1 week after operation. The p value for the differences is determined 
using t test for unpaired data. 
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TABLE 5. Renal Function Response to Operation 


Change in EGFR Number of Patients % 
Improved (=20%4) 3] 59 
No change (+19%) 15 28 
Worse (=20%J) 7 13 


Renal Function Response 


Immediate effect on EGFR. Figure 3 compares the pre- 
operative mean EGFR value (22.41 + 9.71 mL/minute) 
with the immediate postoperative mean EGFR value 
(32.72 + 17.54 mL/minute) for the entire group of op- 
erative survivors. As depicted in the figure, this increase 
in the mean EGFR value was significant (p = 0.0001) 
when analyzed using the t test for paired data. Table 5 
classifies the operative survivor’s renal function response 
using the aforementioned criteria for determination of 
response. Using this method, 31 patients (59%) received 
improvement in EGFR. No significant change in EGFR 
was noted in 15 patients (28%), and seven patients (13%) 
had a significant drop in the EGFR immediately after 
operation. 

The immediate impact of operation on EGFR when 
examined according to the site of disease and operation 
is summarized in Table 6. In this evaluation, lesions (and 
procedures) to solitary kidneys and procedures consisting 
of unilateral revascularization with contralateral ne- 
phrectomy are recorded with the bilateral group. As noted 
in Table 6, when the groups were evaluated by site of 
operation, the bilateral group experienced a significant 
improvement in EGFR after operation (p = 0.0001). Al- 
though four patients (33%) in the unilateral group received 
an improvement in EGFR (=20% EGFR increase) after 
operation (Table 7), no statistically significant benefit was 
seen when all unilateral disease patients were collectively 
evaluated (Table 6). 

Finally the effect of operation on each of the preoper- 
atively dialysis-dependent/anuric patients is summarized 


TABLE 6. EGFR (ml/min) Response Versus Site of Operation™ 


Preoperative Postoperative 
Mean Mean 
Operation Nt EGFR SD EGFR SD 
Unilateral 12 25.94 + 11.86 29.14 + 14.34 
p = 0.1633 —— 
Bilateral 41 21.38 + 8.89 33.77 + 18.39 


p = 0.0001 ———’ 


* p values are for paired t test. 
+ Operative deaths and preoperatively dialysis-dependent patients are 
excluded from the analysis. 
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TABLE 7. Change in EGFR Versus Site of Disease 


Unilateral Bilateral 
Change N % N % 

Improved 

(220% increase) 4 33 27 66 
No change 

(+19% change) 7 58 9 22 
Worse 

(=20% decrease) l 9 5 12 
Total 12 4] 


in Table 8. As noted, six of these eight patients were ren- 
dered dialysis independent by operation. 

Evaluation of rate of change in EGFR. Tables 9 and 
10 summarize the analyses of rates of deterioration in 
EGFR for both the preoperative and postoperative periods 
of study. These data are presented as the rate of change 
of the natural log of EGFR per week. The preoperative 
rate of decline was significantly greater than the postop- 


erative rate of decline in the analysis of the entire group 


(p = 0.0462) (Table 9) and in the analysis of the improved 
subgroup (p = 0.0226) (Table 10). In contrast, the similar 
comparison of the preoperative and postoperative rates 
of change for the unimproved group (Table 10) showed 
an insignificant increase (p = 0.2551) in its slope after 
operation. 

A graphic presentation of the antilog of these data that 
depict the percent change in EGFR/week for the total 


group and the respective subgroups of improved and un- 


improved patients are shown in Figures 4, 5, and 6. The 
immediate impact of operation in these respective groups 
is also depicted in these figures. 

The rate of change in natural log of EGFR before op- 
eration and after operation, when analyzed by site of dis- 
ease (unilateral versus bilateral), is summarized in Table 
11. Although improvement is noted in the mean value, 
no statistically significant difference was found in the uni- 
lateral group when the preoperative slopes (—0.0325 


TABLE 8. Results in Dialysis-dependent Group 


Age Dialysis Immediate Site of 
(yrs) Sex Duration Postoperative EGFR Operation _ 
51 F 11 days 32.7 Bilateral 
63 M 32 days 34.6 Bilateral 
65 M 6 days 44,5 Bilateral 
59 M 30 days 49.0 Bilateral 
76 M 10 days 30.7 Bilateral 
61 F 0* 13.5 Bilateral 
66 M 6 days CDt Unilateral 
75 M 54 days CDt Unilateral 


* Patient had developed anuria; operation undertaken without dialysis, 
t CD, continued on dialysis. 
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TABLE 9. Change in the Natural Log of EGFR/Week 


Total Group 
Mean 
N Slope SD 
Before operation 50 ~Q.0330 + 0.0742 
p= ae 
After operation 32 aes ete 0.0291 


* p values are for unpaired t test. 


+ 0.0606) and postoperative slopes (—0.0105 + 0.0244) 
of the natural log of change in EGFR/week were compared 
(p = 0.2757). A greater improvement in the rate of de- 
terioration in EGFR after operation was observed in the 
bilateral group (preoperative: —0.0357 + 0.0838 yersus 
postoperative: 0.0092 + 0.0304). Nevertheless these 
changes also were not statistically significant (p = 0.0798). 


Discussion 


Little information is available in the literature that ac- 
curately describes the incidence, prevalence, spectrum of 
clinical presentations, or the natural history of ischemic 
nephropathy. Nevertheless, circumstantial evidence sug- 
gests that it may be a more common cause of progressive 
renal failure in the atherosclerotic age group than previ- 
ously recognized. In a 1986 survey, 73% of end-stage renal 
disease (ESRD) patients were in the atherosclerotic age 
range (more than 40 years old), and the median age was 
greater than 60 years.’ Likewise more than 50% of non- 
diabetic patients with ESRD have hypertensive nephrop- 
athy as their presumed diagnosis.'° In a report by Mailloux 
et al.,!! a presumed renal vascular cause of ESRD in- 
creased in frequency from 6.7% for the period 1978 to 
1981 to a frequency of 16.5% for the period 1982 to 19&5. 
The median age at onset of ESRD for that group was the 
oldest of all groups, falling in the seventh decade of life. 
Each cf these clinical characteristics is in concert with 


TABLE 10. Change in the Natural Log of EGFR/Week 
Versus EGFR Response to Operation 
Improved Group Unimproved Group 
Mean Mean 
N Slope SD N Slope SD 
—0.0547 + 0.1029 18 


Before op2ration 23 —0.0045 + 0.0152 


p = 0.0444 
p = 0.0226 p = 0.2551 


After operation 24 —0.0048 + 0.0098 8 —0.0144 + 0.0241 


p = 0.5978 
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FIG. 4. Graphic depiction of the percentage deterioration of EGFR per 
week for the entire group during the 6 months before (n = 50) and after 
(n = 32) operation. The immediate effect of operation on EGFR is also 
depicted. The p values for differences are determined using t test for 
unpaired data. Note the improvement in the slope of decline in EGFR 
after operation. 
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Fic. 5. Graphic depiction of the percentage detericration of EGFR per 
week during the 6 months before (n = 23) and after (n = 25) operation 
in the group of patients who received at least a 20% improvement in 
EGFR following operation. The immediate effect of operation on EGFR 
in this group is also depicted. The p values for differences are determined 
using t test for unpaired data. Note the improvement in the slope of 
decline in EGFR after operation in this group. 
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FIG. 6. Graphic depiction of the percentage deterioration of EGFR per 
week during the 6 months before (n = 18) and after (n = 8) operation 
in the group of patients who received no significant immediate benefit 
in EGFR after operation. The p values for differences are determined 
using t tests for unpaired data. Note the absence of improvement in the 
rate of deterioration of EGFR following operation in this group. 


the demographic data of our patient group with proved 
ischemic nephropathy. In our group all patients had at 
least moderate hypertension, the mean age was 63 years, 
and only 14% had diabetes mellitus. We believe these data 
argue that renovascular disease may be either the primary 
cause or a superimposed secondary accelerant of renal 
insufficiency in a larger proportion of patients with renal 
insufficiency than commonly recognized. Using this 
premise as a guide, we currently screen all adult patients 
over the age of 50 years who have newly recognized renal 
insufficiency when hypertension of any level is a coexistent 
morbidity. 


TABLE 11. Change in the Natural Log of EGFR/Week 
Versus Lesion Site* 


Unilateral Bilateral 
Mean Mean 
N Slope SD N Slope SD 


Before operation 14 —0.0325 + 0.0606 36 —0.0357 + 0.0838 
| ee us| | 
p = 0.2757 p = 0.0798 
After operation 7 —0,0105 + 0.0244 25 —0.0092 + 0.0304 


p = 0.9235 


* p values are for unpaired t test. 
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Renal duplex sonography is our preferred method for 
this preliminary screening. Our experience with the use 
of renal duplex sonography as a screening technique has 
been previously reported.!* In that review we found renal 
duplex sonography to have an overall accuracy of 96% 
for establishing the presence or absence of main renal 
artery occlusive disease. Because the term ischemic ne- 
phropathy implies the presence of global renal ischemia, 
we think it is an adequate method to initially screen the 
renal insufficiency patient when performed by an expe- 
rienced technician. Through preliminary screening with 
renal duplex sonography, we limit the use of arteriography 
in renal insufficiency patients to those with either positive 
renal duplex sonography or severe hypertension. 

Our predominate reliance on standard ‘cut film’ arte- 
riography in patients with renal insufficiency requires 
comment. In our experience adequate assessment of the 
renal vasculature and juxtarenal aorta requires multiple 
injections when intra-arterial digital subtraction angiog~- 
raphy is used. The use of a single midstream flush aor- 
togram requires no more contrast material than that re- 
quired for such multiple intra-arterial digital subtraction 
studies. In addition standard arteriography provides in- 
formation concerning cortical thickness and renal length 
as well as improved clarity for interpretation of the renal 


artery anatomy. The fact that arteriography in such pa- | 


tients with severe renal insufficiency, especially those with 
concomitant diabetes mellitus, can aggravate renal failure 
is widely recognized. Nevertheless, we believe this risk is 
justified in such patients who have severe or accelerated 
hypertension and in patients with a positive renal duplex 
sonogram. In these circumstances the potential benefit 
derived from identification and correction of a function- 
ally significant renovascular occlusive lesion exceeds the 
risk of arteriography. 

The primary aim of this retrospective review is to ex- 
amine the rate of deterioration of renal function in a group 
of patients with ischemic nephropathy and to evaluate 
the impact of renal revascularization on subsequent 
changes. Although we believe this analysis provides valu- 
able data to address these issues, there are several biases 
inherent in this study that may affect the power of these 
observations. Because we evaluated the rate of deterio- 
ration of EFGR before intervention by retrospectively 
collecting the preoperative data from a group of patients 
who already had been submitted to operation, we created 
patient selection bias for inclusion in the study. Because 
referral of the patients was predominately dependent on 
the presence of either severe hypertension, accelerated 
hypertension, new onset renal insufficiency, or acceler- 
ating renal insufficiency, the patient group probably is 
weighted toward the later stages of the clinical syndrome 
of ischemic nephropathy. Because patients predominantly 
entered our series because of clinical sequelae of their dis- 
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- ease, it is inappropriate to infer that our data are repre- 


sentative of the entire population of patients with ischemic 
nephropathy. Therefore, the prevalence and duration of 
a preliminary clinically silent phase remains unknown. 

The second issue potentially introducing error is the 
methodology used for calculating changes in renal func- 
tion. Because the study is a retrospective evaluation of 
data, the number of serum creatinine values and the in- 
tervals between their collection amongst the respective 
patients are heterogeneous. Furthermore the use of in- 
direct methods such as serum creatinine levels to estimate 
GFR has been debated widely.?’*'* Rolin and his 
associates’ performed a study comparing measured GFR 
values using labeled iothalamate against EGFR using 
modifications of the Cockcroft and Gault formula.* In 
their study, EGFR as used by us had a 0.932 correlation 
with measured GFR values. Clearly measurement of GFR 
by the iothalamate clearance method is a superior method 
for determining renal function. Nevertheless use of the 
EGFR values can provide a valuable approximation of 
actual GFR when applied to values obtained from an en- 
tire group of patients. 

Although the rate of change of EGFR before interven- 
tion is probably affected by selection bias, it 1s extremely 
rapid. This is even more pronounced when it is compared 
with the rate of decline of EGFR from other causes of 
renal insufficiency. In the preliminary data used to make 
sample size calculations for the initiation or the Modifi- 
cation of Diet in Renal Disease,'°> the rate of decline in 
GFR was estimated to be approximately 0.5 mL/min/ 
month for renal insufficiency patients on a standard diet. 
Noteworthy is the fact that patients with known renovas- 
cular occlusive disease were excluded from entry into that 
database. With the rate of deterioration suggested in that 
pilot data, it would require approximately 40 months for 
the GFR to drop from 40 mL/min to 20 mL/min. In 
contrast using the rate of decline in our entire group for 
comparison, less than 5 months would be required for a 
patient with ischemic nephropathy to experience a simuar 
level of deterioration. 

Retrospective comparison of the rate of deterioration 
in EGFR before operation for the group who received 
improvement in EGFR by operation versus those receiv- 
ing no benefit suggests that the rate of decline in GFR 
may have value in predicting the probability of retrieval 
of GFR by operation. Unfortunately the heterogenicity 
of individual slopes of change in EGFR prevent comment 
on a critical rate of decline that would predict retrieval of 
renal function by operation. Nevertheless a rapidly de- 
teriorating GFR should alert the physician to the potential 
presence of ischemic nephropathy and should argue for 
the likelihood of retrieval of function by operation when 
ischemic nephropathy is identified. 

Renal revascularization had a beneficial impact on both 
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the rate of decline in EGFR, as well as the EGFR itself, 
when data for the entire group are analyzed collectively. 
Nevertheless as a group the salutary effect of operation 
on the rate of deterioration was only seen in the subset 
that experienced an immediate improvement in EGFR 
by operation. This observation may have major clinical 
significance, for the detrimental effect of renovascular oc- 
clusive disease theoretically may be from either of two 
causes. First, the lesion may limit renal perfusion to a 
degree that it affects excretory function. Second, it may 
be the source of microscopic atheroembolization, which 
destroys functioning renal parenchyma. Our data suggest 
that correction of lesions causing reversible ischemia will 
provide both an immediate improvement in EGFR as 
well as a slowing of its rate of decline when compared 
with the preoperative rate of decline. Unfortunately when 
the lesion was not producing significant reversible isch- 
emia as reflected by the absence of improvement in EGFR 
immediately after operation, no improvement in the rate 
of decline in EGFR was realized after operation. This 
argues that when atheroembolism is the only potentially 
active pathophysiologic consequence of the lesion, its 
correction does not lead to clinically important slowing 
of the rate of deterioration in renal function. 

Comparison of the effect of correction of unilateral and 
bilateral lesions reasserts our earlier observations regarding 
predictors of retrieval of renal functions.!® Specifically we 
again observe that patients with bilateral lesions or lesions 
to solitary kidneys have the highest likelihood for retrieval 
of significant renal function after operation. Although 
there was an improvement in the mean slope of decline 
in EGFR after operation in both the unilateral and bilat- 
eral subgroups, this change did not reach statistical sig- 
nificance in either group. Because statistically significant 
improvement in the rate of deterioration was seen when 
all slopes were analyzed collectively (Table 9), this absence 
of significance in the subgroup analysis is probably related 
to small sample sizes. 

We found significant improvement of EGFR after op- 
eration in an important minority (33%) of patients treated 


for unilateral lesions. This adds to our enthusiasm for the 


merits of operative treatment of unilateral lesions in the 
renal insufficiency population, especially when functional 
proof of the presence of RVH can be obtained from renal 
vein renin assavs or split renal function studies. Because 
uncontrolled hypertension can be an important indepen- 
dent cause of both progressive renal insufficiency and an 
accelerator of cardiovascular morbid and mortal events, 
we believe that operative treatment of such patients is 
justified even without regard to the issue of retrieval of 
renal function. In this regard the importance of the blood 
pressure response to operation seen in the majority of 
patients (92%) can not be overemphasized. At least a por- 
tion of the beneficial impact of operation on the rate of 
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decline in EGFR may have been a consequence of im- 
proved blood pressure control and removal of high-dose 
antihypertensive medications. 

This report of our experience underscores the rapidity 
of deterioration of renal function in patients with ischemic 
nephropathy and demonstrates the potential benefit of 
operation on both GFR and its rate of deterioration in a 
subset of patients. Nevertheless the risk associated with 
operation is not inconsequential and requires comment. 
Certainly the patients included in this report are at ac- 
celerated risk for any major operative procedure. All pa- 
tients had some degree of renal insufficiency, and 88% 
had cardiac, cerebrovascular, or peripheral vascular man- 
ifestations of atherosclerosis. With such evidence of mul- 
tifaceted, site-specific end-organ damage in this relatively 
elderly population, one must question the merits of benefit 
afforded by a therapy that has a 9% operative mortality 
rate and a cumulative 1-year survival rate of only 78%. 
Nevertheless one must place this risk and rate of survival 
into context with the probability of survival without op- 
eration. In a study of the duration of survival after insti- 
tution of dialysis, Mailloux and coworkers’! found that 
end-stage renal disease caused by uncorrected renovas- 
cular disease was associated with the most rapid rate of 
death during follow-up. In their study patients with re- 
novascular disease had a median survival after initiation 
of dialysis of only 27 months and a 5-year survival of only 
12%. This equates to a death rate in excess of 20% per 
year. The life-table survival curve of our group of patients 
with ischemic nephropathy suggests that if an individual 
survives operation and the early follow-up period, he or 
she is afforded an improved probability of survival. Even 
when operative deaths are included, the probability for 
2- and 3-year survival appears to be significantly better 
than that seen in patients who had not received interven- _ 
tion and had progressed to the point of dialysis depen- 
dence. 

The data presented in this retrospective review argue 
that ischemic nephropathy is a rapidly progressive form 
of renal insufficiency. The effect of renal revascularization 
on renal function, however, was heterogeneous. Nev- 
ertheless the frequency of both retrieval of renal function 
and slowing of the rate of its deterioration during follow- 
up was gratifying and encourages enthusiasm for the con- 
tinued study of the role of operation in properly selected 
patients. Most importantly the results argue that a care- 
fully controlled prospective randomized trial comparing 
operation with medical therapy is necessary to confirm 
the value of operation in patients with controlled hyper- 
tension. Only through this method could one accurately 
clarify the role of operation in the prolongation of the 
period of dialysis independence and long-term survival 
in patients with ischemic nephropathy. 
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DISCUSSION 


Dr. CALVIN ERNST (Detroit, Michigan): Dr. Dean’s manuscript is so 
detailed and contains so many valuable data that time does not permit 
comprehensive discussion of the entire study. Consequently I will focus 
on that portion dealing with renal revascularization and concomitant 
aortic reconstruction. 

The 17.6% operative mortality rate for combining a renal revascular- 
ization and aortic reconstruction reported in the manuscript underscores 
the principle that such procedures should not be used indiscriminatelv. 
Therefore it is important to know the natural history of arteriosclerotic 
renal arterial stenosis before embarking on simultaneous repairs. 

Clearly mere presence of a renal artery stenosis in a patient undergoing 
aortic reconstruction does not mandate renal revascularization. In an 
attempt to identify those arteriosclerotic renal arterial stenoses that pro- 
gress to occlusion, at the Henry Ford Hospital we retrospectively studied 
66 arteriosclerotic renal arteries in 48 patients, followed by 194 sequential 
arteriograms during an average interval of 4.5 years. 

All 48 patients had undergone aortic reconstruction and all had renal 
arterial stenoses that were not repaired at the time of aortic reconstructior. 
By annual follow-up arteriography, the natural history of these lesions 
were studied. We found that 7 or 10.6% of the stenoses progressed to 
occlusion and presumably deterioration of renal function, although this 
was by no means proved, And those most likely to occlude were narrowed 
by 80% or more. No lesions or stenoses less than 60% on the preceding 
aortogram progressed to occlusion in the subsequent study. 

Furthermore multiple risk factors, including change in serum creati- 
nine, did not correlate with renal arterial occlusion. 

It remains unclear then what effect renal arterial occlusions may have 
on patient survival or renal function. Intuitively it seems that preservatior: 
of renal parenchymal tissue by renal revascularization among patients 
undergoing aortic reconstruction is beneficial. But only if the operative 
risk is minimal and can be justified by prevention of renal failure, which 
may require dialysis. 

Therefore, with Dr. Dean’s large experience in this excellent study, I 
would like to ask three questions. First, what are your indications for 
concomitant renal revascularization and aortic reconstruction? 

Second, could you identify any clinical markers in the eight patients 
who were on preoperative dialysis, such as progression of the renal arterial 
stenosis, and thereby predict which patients may develop this potentially 
preventable complication? 

And, third, what ts the effect of a unilateral stenosis on renal function, 
exclusive of the hypertensive damage to the contralateral unprotected 
kidney? Can we expect renal revascularization to improve renal function 
under such circumstances? 
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Dr. GERALD LAWRIE (Houston, Texas): We looked at a group of 30 
patients with creatinines greater than 2 from a series of more than 1000 
patients or actually, in this series, 919 patients. I think the first thing to 
recognize is that most patients, in our experience, with severe renovascular 
hypertension do not have renal insufficiency. 

These patients looked fairly similar to what Richard presented, And 
about 40% of our patients had bilateral disease. When we came to look 
at predictors of response in terms of improvement of renal function and 
lack of response, we had a lot of trouble coming up with any clinical or 
laboratory or angiographic predictor that would tell us which patients 
we should operate on with a view to restoring renal function. 

Obviously the patient with bilateral renal stenosis with good-sized kid- 
neys who comes in and has to be put on dialysis usually is a good can- 
didate. 

But most of these patients fall into this category of creatinines around 
2 to 3. When we look at the people who had a good response and the 
people who had a poor response after surgery, it was about a 50-50 
proposition. And bilaterality did not seem to be much of a factor. 

We looked at a number of other factors and were not able to determine 
what patient should get this treatment. Of course it 1s a very complicated 
problem because in atherosclerotic patients we see development of renal 
failure and in hypotensive patients we see development of renal failure. 

And then in people with limitation of blood flow to the kidney we 
certainly sze renal insufficiencies, as Richard has so elegantly demon- 
strated. 

So the question I have for Richard is as he looks at this data in these 
tests, does he really have a strong feeling of confidence that he can select 
patients, on the basis of these tests, who will respond with a high degree 
of probability, that is, the nondialyzed patients? 

Considering the fact these people tend to be sicker—and we’ve certainly 
documented long-term survival is much lower in people with preoperative 
renal insufficiency, despite renal revascularization—is it worth subjecting 
them to the risk of surgery, which in most cases is significant because of 
their multiple-system problems, unless we have a very clear-cut test that 
will tell us reasonably unequivocally that they will respond well in terms 
of renal function? 


Dr. RICHARD DEAN (Closing discussion): The group of patients who 
came off dialysis stayed off dialysis. There were, however, patients who 
subsequently went on dialysis who had not been on dialysis preoperatively. 

This group of patients had been followed up to 42 months. One patient 
in that group who recurrently became dialysis dependent several months 
after operation had a graft thrombosis, was operated on, and again became 
dialysis, independent after repeat bypass. 
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I appreciate the discussant’s comments and I will, in essence, combine 
Dr. Lawrie’s and Dr. Ernst’s questions. In the renal insufficiency group 
of patients, I don’t think we have good predictors up to this point to 
accurately identify who will respond with improvement in renal function. 
The data that we reviewed here does give some clue, however, to a pre- 
dictor. That predictor is the rate of deterioration in function before op- 
eration. For example, a patient who has a creatinine level of 2 mg/dL 
today who had a creatinine level of 2 mg/dL last year is unlikely to have 
a return of function after operation. In contrast, a patient who had a 
creatinine level of 1.5 mg/dL two months ago and 4 mg/dl today has a 
higher probability for return of function. 

Unfortunately, with the heterogenicity of the data and the small num- 
bers, there was no critical rate of deterioration below which one did not 
improve, above which one did improve. I think it is a general marker 
that those who are deteriorating rapidly have the most likelihood of 
return of function and equally or even potentially more important have 
a higher likelihood of having a decrease in their postoperative rate of 
deterioration. 

One can Iook at the effect of the renal artery lesion as producing 
ischemia or causing hypertension. Either of these effects can cause renal 
insufficiency. Renal ischemia that can cause such renal insufficiency can 
also be caused by atheroembolism from the renal artery lesion. Although 
obviously present in many of these patients, atheroembolism by itself 
does not appear to be an independent factor that increases the rate of 
deterioration. 

The issue of risk of operation cannot be overstated. One should place 
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this into context, for this is a group of people who are rapidly deteriorating, 
and a group who will become dialysis dependent within months if left 
uncorrected. 

Patients who have uncorrected renovascular disease and end-stage 
renal disease may have a 20% per year death rate. Our survival curve of 
our group Is significantly better than that even when operative deaths 
are included. It’s as though the stress of the operation is significant, but 
if one gets through the operation and receives a benefit from it, one has 
a significantly protected survival. 

The final question that Dr. Ernst had concerns the indications for 
combining renal artery surgery with aortic surgery. I am somewhat sim- 
plistic about this, in that I do not believe that the patient who has even 
an angiographically severe lesion who does not have hypertension or 
renal insufficiency should undergo prophylactic renal revascularization. 
If they are azotemic or if they are hypertensive, then we would combine 
the renal artery procedure with the aortic reconstruction. 

Finally, there are two reasons for potential benefit in the unilateral 
lesion where, obviously, one would expect to find bilateral arteriolar 
disease. One reason is the potential for return of function in the ‘protected’ 
kidney; I think that is a much less common phenomena than suggested 
by some nephrologists. 

The second benefit of operation in the unilateral group is improved 
control of hypertension and its benefit to renal function in the long term. 

In that regard, the use of preoperative predictors to identify who will 
have benefit in hypertension is valuable in assessing the patient with a 
unilateral renal artery stenosis. 





Femoral—Distal Bypass with Jn Situ 


Greater Saphenous Vein 


Long-term Results Using the Mills Valvulotome 





MAGRUDER C. DONALDSON, M.D., JOHN A. MANNICK, M.D., and ANTHONY D. WHITTEMORE, M.D. 


During a 7-year period, 440 consecutive in situ saphenous vein 
grafts originating in the groin were performed in 371 patients, 
exposing the entire vein for valvulotomy with a modified Mills 
valvulotome. Critical ischemia was the indication for bypass in 
68%, and the distal anastomosis was to an infrapopliteal artery 
in 46%. Thirty-day operative mortality was 2.0%. Postoperative 
surveillance identified 18 stenotic grafts (4.1%), which were re- 
vised while still patent (primary revised patency); 36 grafts (8.2%) 
underwent revision after graft occlusion (secondary patency). 
Five-year life-table analysis showed overall primary revised pa- 
tency of 78%, secondary patency of 83%, limb salvage of 88%, 
and patient survival of 66%. Femoroperoneal and inframalleolar 
bypasses fared well. The presence of diabetes did not diminish 
late graft patency. In contrast to reversed vein grafts, long in- 
frapopliteal in situ grafts had long-term secondary patency sim- 
ilar to shorter femoropopliteal bypass grafts (p > 0.05). These 
results, coupled with the versatility and simplicity of the tech- 
nique as used in the present series, suggest that in situ vein 
grafting is the procedure of choice for long infrapoplitea] bypass. 


INCE THE FIRST femoropopliteal bypass was re- 

ported in 1949,’ the autologous greater. saphenous 

vein has remained the most versatile and durable 
conduit for revascularization below the inguinal ligament. 
Originally widely used in reversed fashion to accommo- 
date the venous valves, the saphenous vein was left in situ 
by Hall* and others, employing various approaches to 
valve lysis. Because of the apparent complexity of the 
method, wider adoption of the in situ technique was lim- 
ited until introduction of the modified Mills valvulotome? 
by Leather et al.* in 1979. Since then a number of centers 
have developed extensive experience with the in situ 
method of saphenous vein bypass.°~’ Simultaneously sig- 
nificant advances have been made in small-vessel surgical 
instrumentation and technique, enhancing the success of 


Presented at the 102nd Annual Scientific Session of the Southern Sur- 


. gical Association, Boca Raton, Florida, December 3-6, 1990. 


Address reprint requests to Magruder C. Donaldson, M.D., Department 
of Surgery, Brigham and Women’s Hospital, 75 Francis Street, Boston, 
MA 02115. 

Accepted for publication January 3, 1991. 


From the Department of Surgery, Brigham and Women’s 
Hospital, Harvard Medical School, Boston, Massachusetts 


all methods of vein bypass.? The optimal approach to 
infrainguinal autogenous revascularization remains con- 
troversial, particularly regarding the increasing numbers 
of surgical candidates with disease below the popliteal ar- 
tery. In an effort to clarify the role of in situ saphenous 
vein bypass, the current study of a large experience from 
a single institution was undertaken. 


Methods 


In 1983 a policy of preferential use of the in situ greater 
saphenous vein for all infrainguinal arterial reconstruc- 
tions was adopted on the vascular service at Brigham and 
Women’s Hospital. Routine preoperative arteriography 
documented the distribution of occlusive lesions, and no 
infrainguinal reconstruction was undertaken in the pres- 
ence of hemodynamically significant inflow disease. Pre- 
operative venography or vein mapping with duplex ul- 
trasound were not routinely used. At surgery, the greater 
saphenous vein was exposed through a single incision over 
a sufficient length to reach the chosen recipient artery. 
The distal artery was isolated in the subfascial tissue 
through the vein-harvesting incision in the case of the 
popliteal, posterior tibial, and proximal peroneal arteries. 
The anterior tibial and distal peroneal arteries were ex- 
posed through a counterincision over the anterior com- 
partment, with fibulectomy to expose the peroneal, and 
a tunnel either through the interosseous membrane or 
subcutaneously over the tibia. Dorsalis pedis exposure was 
obtained through a vertical incision just medial to the 
artery with care to avoid creating a narrow skin bridge to 
the venous incision and a distal anastomosis directly under 
the pedal incision. The vein was left in continuity after 
exposure with protection by a pad moistened with a bal- 
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anced electrolvte solution containing sodium heparin | 
U/mL and papaverine 60 mg/L. On occasions when the 
vein appeared to be of questionable size or quality, this 
solution was used to gently dilate the involved segment 
through a side branch. 

After systemic heparinization, the saphenofemoral 
junction was detached with lateral suture closure of the 
common femoral vein. The most proximal saphenous 
valve was excised, and a suitable anastomosis in the fem- 
oral artery was created. On removal of occluding clamps, 
a modified Mills valvulotome was introduced sequentially 
through side branches to incise the valve leaflets, con- 
firmed by vigorous flow through the end of the vein. In 
22 grafts performed over the last year of study, angioscopy 
was employed to guide valvulotomy with a long-handled 
Mills instrument. The vein was clipped at the end and 
allowed to pulsate under arterial pressure while all visible 
venous side branches were ligated. The distal anastomosis 
was created using loupe magnification and 6-0 or 7-0 
polypropylene suture, employing elastic vessel occluders 
or soft bulldog clamps for arterial control. To avoid vein 
kinking, infrageniculate popliteal anastomoses were usu- 
ally performed after passing the vein into the popliteal 
space through an anatomic tunnel.’ On completion of the 
graft, sterile continuous-wave Doppler and completion 
arteriography were routinely employed to assure adequacy 
of flow and absence of residual valve leaflets and arterio- 
venous fistulas.!° All patients received perioperative pro- 
phylactic intravenous antibiotics. In infrapopliteal by- 
passes, low—molecular-weight dextran was employed at 
500 mL/day for the first 48 hours after operation. Aspirin, 
300 mg daily, was recommended for the indefinite post- 
operative period. 

At regular postoperative visits, patients were assessed 
by history and physical examination as well as by seg- 
mental limb pressures and pulse volume recordings, sup- 
plemented by duplex ultrasound during the latter part of 
the series. A decrease in ankle/brachial index of greater 
than 0.10 between visits or a decrease in overall graft ve- 
locity to levels below 0.4 m/second were grounds for repeat 
arteriography to assess the status of the graft, even in the 
absence of symptoms. All preoperative, surgical, and 


TABLE 1. Characteristics of 371 Patients Undergoing 440 
In Situ Saphenous Vein Grafts 
Characteristic Number 


Mean age (years) 68 (range, 31-91) 


Male:Female 259:181 
Smoking 271 (62%) 
Hypertension 265 (60%) 
Coronary artery disease 190 (43%) 
Diabetes mellitus 168 (38%) 
Chronic pulmonary disease 83 (19%) 
Renal failure 23 (5%) 
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TABLE 2. Location of Distal Anastomoses in 440 
In Situ Saphenous Vein Grafts 


Location Number 
Popliteal above-knee 79 (18%) 
Popliteal below-knee 161 (37%) 
Tibioperoneal trunk 12 (3%) 
Anterior tibial 46 (10%) 
Posterior tibial* 79 (18%) 
Peroneal 54 (12%) 
Dorsalis pedis 9 (2%) 


* Includes nine at inframalleolar level. 


postoperative data were collected prospectively on a mi- 
crocomputer-based registry. Actuarial life-table analysis 
was employed for graft patency, limb salvage, and patient 
survival rates. Primary patency tables define as patent all 
grafts requiring no revision after leaving the operating 
room. Primary revised patency tables define as patent all 
grafts that required no revision plus grafts revised while 
patent by percutaneous or surgical methods. Secondary 
patency tables define as patent all unrevised grafts and 
grafts revised patent plus grafts that were disobliterated 
and revised after a single occlusion. Standard error esti- 
mates were calculated using the Greenwood method, !! 
and comparisons of life-table estimates were made using 
the Mantel-Cox log rank test of significance. '” 


Results 


A total of 440 consecutive in situ greater saphenous 
vein bypass grafts were performed in 371 patients for ath- 
erosclerotic occlusive disease between March 1983 and 
June 1990. The characteristics of the patient population 
are listed in Table 1. Coronary artery bypass had been 
performed in 17 patients. In 299 (68%) instances, critical 
limb ischemia was the indication for surgery with ischemic 
rest pain in 148, ulcer in 87, and gangrene in 64. Disabling 
claudication was the surgical indication in the remaining 
141 (32%) operations. Procedures for popliteal aneurysm 
were excluded from analysis. In 406 (92%) instances, sa- 
phenous vein bypass was a primary reconstruction, and 
in the remaining 34 (8%) a previous infrainguinal revas- 
cularization had been performed. In 78 (18%) procedures 
inflow to the groin was previously or concurrently im- 
proved with iliac balloon angioplasty (13) or aortofemoral 
(14), iliofemoral/femorofemoral (14), or axillofemoral (6) 
bypass. The proximal anastomosis was at the groin level 
in all instances, and an infrapopliteal artery was the site 
of distal anastomosis in 200 (45%) procedures, including 
18 grafts to a level below the ankle joint (Table 2). 

Operative complications occurred in 104 patients 
(24%), including major cardiopulmonary, renal, or cere- 
brovascular complications in 33 (8%) (Table 3). Cardiac 
and wound complications were the leading causes of 
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TABLE 3. Thirty-day Operative Morbidity Rate After 440 
In Situ Saphenous Vein Grafis 


Complication Rate 
Systemic 
Myocardial infarction 16 (3.6%) 
Congestive heart failure 11 (2.5%) 
Arrhythmia 20 (4.5%) 
Renal failure* 8 (1.8%) 
Pulmonary failure 8 (1.8%) 
Stroke l 2 (0.4%) 
Transient ischemic attack 2 (0.4%) 
Deep vein thrombosis 2 (0.4%) 
Local 
Wound infection/seroma/hematoma 37 (8.4%) 
Graft occlusion 27 (6.1%) 
Reoperation for bleeding 5 (1.1%) 
Unplanned major amputation 3 (0.7%) 
Compartment syndrome 1 (0.2%) 


* Creatinine increase more than | mg/100 mL. 


postoperative complications. Early graft closure occurred © 


in 27 (6%) instances within 30 postoperative days, with 
seven in the first day and 19 within the first 10 days. Eigh- 
teen of these early failures were in infrapopliteal grafts. 
The likely causes of early occlusion are tabulated in Table 
4, with hypercoagulability and poor distal run-off most 
common. Technical problems referable to the in situ 
method such as retained valve leaflets, valvulotome injury, 
or kinks occurred in five of 27 early occlusions. Operative 
death within the first 30 days after surgery occurred in 
nine patients (2%) because of myocardial infarction (7), 
pneumonia (1), and multisystem organ failure (1). 
Mean postoperative follow-up was 20.4 months (range, 
1 to 81.5 months), and 352 grafts (80%) were followed to 
known end points. Graft surveillance identified 18 stenotic 
grafts (4%) that were revised initially while still patent by 
percutaneous balloon angioplasty (7), patch angioplasty 
(8), or distal bypass modification (3). Over the course of 
follow-up, these 18 grafts required a total of 30 revisionary 
procedures to maintain patency. Among 68 grafts (15%) 
that occluded during follow-up, 36 (8%) underwent initial 
disobliteration by thrombolysis (15) or thrombectomy 
(16). Seventeen grafts required no revision after dis- 
obliteration, and causative lesions were treated in 19 grafts 
by balloon angioplasty (4), patch angioplasty (12), or distal 
bypass modification (3). These 36 grafts required a total 
of 52 revisionary procedures in the effort to maintain pa- 
tency during follow-up. Among the 32 occluded grafts 
not revised, 13 were replaced by a new graft, 12 underwent 
no further surgery, and 7 resulted in amputation. 
Life-table analysis indicated overall 5-year rates of pri- 
mary patency of 72%, primary revised patency of 78%, 
and secondary patency of 83% (Table 5, Fig. 1). Overall 
femoropopliteal graft success was notably improved from 
a primary patency of 78% to primary revised patency of 
84% by revision of stenoses in patent grafts and to sec- 
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ondary patency of 86% after revision of occluded grefts 
(p < 0.05, Table 6). Above-knee femoropopliteal grafts 
fared no better than below-knee femoropopliteal grafts (p 
> 0.1). Although 5-year primary patency (63%) and pri- 
mary revised patency (71%) were less (p < 0.03) for in- 
frapopliteal grafts than for popliteal grafts (78% and 84%, 
respectively), there was no significant difference in sec- 
ondary patency of infrapopliteal (78%) compared with 
popliteal (86%) grafts (p = 0.074) (Table 7, Fig. 2). Infra- 
popliteal graft patency was not diminished in the presence 
of diabetes, and grafts employing the peroneal artery as 
an outflow vessel performed as well as grafts to the other 
tibial vessels. The 18 inframalleolar grafts performed re- 
markably well over short-term follow-up. Overall 5-year 
primary and primary revised patency for patients bypassed 
for claudication (81% and 85%, respectively) were signif- 
icantly better than for critical ischemia (66% and 72%, 
respectively) (p < 0.05), but secondary patency was similar 


_ for claudication (86%) and critical ischemia (81%) (p 


= (0.14) (Table 8, Fig. 3). 

The overall 5-year limb salvage rate was 88%. Among 
the 141 patients who presented initially with claudication, 
only four (3%) limbs were amputated during the follow- 
up period, compared with a limb salvage rate of 84% in 
the 299 patients presenting with critical ischemia, in whom 
30 amputations (10%) were performed (p < 0.001). The 
overall 5-year cumulative patient survival rate was 66%. 
The survival rate among claudicators was 73% at 5 years, 
compared with a survival rate of 60% among patients pre- 
senting with critical ischemia (p = 0.08). 


Discussion 


Evolution of small-vessel operative technique during 
the last decade has had a dramatic impact on the appli- 
cability of all forms of autogenous infrainguinzal 
revascularization®"’ including strategies emphasizing the 
in situ saphenous vein. Since its description by Hall? and 
popularization by Leather et al.,*?'®!® simplification of 
the im situ method has made it a standard part of the 
surgicel repertoire. The in situ saphenous vein has unique 
appeal for revascularization of patients with advanced 
critical ischemia due to infrapopliteal occlusive disease. 
Bypass to the calf and ankle level by simple transposition 
of the distal end of the vein to a small adjacent arterv 1s 


TABLE 4. Causes of Grafi Occlusion Within 30 Days 
of In Situ Saphenous Vein Bypass 
Cause Number 
Hypercoagulability 
Inadequate distal run off 
Technical error 
Systemic hypotension 


9/27 (33%) 
7/27 (26%) 
6/27 (22%) 
5/27 (19%) 
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TABLE 5. Five-year Cumulative Patency of 440 In Situ Saphenous Vein Grafts* 





+ 


. No. of Grafts Interval Cumulative Standard 
Interval No. of Grafts No. of Grafts Withdrawn Patency Patency Error 
(mos.) at Risk Failed Patent (%) (%) (%) 
Primary Patency 
0-3 440 42 80 89.5 89.5 1.5 
3-6 318 16 29 94.7 84.8 1.8 
6-12 273 10 47 96.0 81.4 2.1 
12-24 216 6 63 96.8 78.8 2.3 
24-36 147 4 32 96.7 76.2 25 
36-48 91 4 45 94.2 71.7 3.2 
48-60 42 0 30 100 71.7 3.2 
Primary Revised 
Patency 
0-3 440 36 79 91.0 91.0 1.4 
3-6 325 15 31 95.2 86.6 1.8 
6-12 279 8 48 96.9 83.9 1.9 
12-24 223 5 66 97.4 81.8 2a 
24-36 152 2 55 98.4 80.4 2.3 
36-48 95 2 48 97.2 78.2 2.7 
48-60 45 0 32 100 78.2 2.7 
Secondary Patency 
0-3 440 40 82 92.7 92.7 1.2 
3-6 329 1} 31 96.5 89.4 1.5 
6-12 287 8 50 97.0 86.8 1.8 
12-24 229 4 69 98.0 85.0 1.9 
24-36 156 2 56 98.4 83.7 2.1 
36-48 98 | 50 98.6 82.5 2.4 
48-60 47 0 33 100 82.5 2.4 


* See text for definitions of primary, primary revised, and secondary patency. 


logical, direct, and minimally traumatic. Even with the 
origin of such long grafts at the common femoral artery, 
our experience demonstrates that long-term patency and 
limb salvage rates are highly satisfactory. 

Among a number of solutions to the problems of ve- 
nous valve lysis and arteriovenous fistula control intrinsic 
to the in situ method, the techniques described have 
worked well in our hands. Exposure of the saphenous 
vein through a continuous incision allows complete valve 
lysis by the modified Mills valvulotome, with minimal 
apparent vein injury. In addition, the open method greatly 








100 
= 90+; 
S Bot p a a a 
3 7x4 HG IBZ MNupaseenanganannvuuaunenn 
= 60 
£ 
> 50 
Z ~- Second 
5 40 f ary 
Z an — Primary, revised 
E 20 -+- Primary 
3 
9 104. Standard error <5% 






24 
Time (Months) 


12 36 48 60 


Fic. 1. Cumulative primary, primary revised, and secondary patency of 
440 in situ saphenous vein grafts (see text). 


facilitates ligation of venous side branches. Significant re- 
sidual arteriovenous fistulas are easily detected by intra- 
operative Doppler ultrasound and completion arteriog- 
raphy. Although all fistulas may not need ligation®!? and 
most of the lateral branches connect only to the subcu- 
taneous capillary bed, some of these branches develop 
stasis thrombosis, resulting in painful postoperative su- 
perficial phlebitis. We consequently recommended liga- 
tion of all visible venous tributaries. Because the open 
method contributed to an 8% incidence of wound com- 
plications in our series, recent efforts have been directed 


TABLE 6. Five-year Cumulative Patency for In Situ Saphenous Vein 


Bypass 1983 to 1990* 
Primary 
Primary Revised Secondary 

Subgroup n (%) (%) (%) 

All grafts 440 72 78 83 
Femoropopliteal 240 787 84+ 86 
Above knee 79 72 86 88 
Below knee 161 82 83 85 
Infrapopliteal 200 637 71} 78 
Claudication 141 Sit 85T 87 
Critical ischemia 299 66T 75f 81 
Diabetes 168 76 80 81 
No diabetes 212 70 80 80 


* Standard error < 7%; fp < 0.05. 
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TABLE 7. Five-year Cumulative Secondary Patency of 440 In Situ Saphenous Vein Grafts, by Distal Anastomosis 


Vol. 213 + No. 5 
Interval No. of Grafts No. of Grafts 
(mos.) at Risk Failed 
Popliteal 
0-3 240 15 
3-6 188 3 
6-12 166 4 
12-24 t37 3 
24-36 90 2 
36-48 61 0 
48-60 32 0 
Infrapopliteal 
0-3 200 25 
3-6 141 8 
6-12 121 4 
12-24 92 J 
24-36 66 0 
36-48 37 | 
48-60 15 0 


p = 0.07 at 5 years. 


at developing less invasive techniques for valve lysis and 
branch ligation without compromising the documented 
precision, predictability, and safety of the Mills valvulo- 
tome. We are evaluating the efficacy of angioscopy””! in 
reducing the length of the skin incision, wound compli- 
cations, and length of hospital stay. The length of post- 
operative recovery is most directly related to the indication 
for surgery, and many patients with disabling claudication 
or uncomplicated rest pain can be discharged from the 
hospital within 5 days of surgery. . 
Large series of in situ saphenous vein grafts have been 
published recently by Leather et al.° and Bandyk et al.° 
with results quite comparable to our own (Table 9). Mod- 
ern series using reversed greater saphenous vein have also 
demonstrated excellent results,®: testimony to the general 
impact of advances in technique. Using these techniques, 
Harris et al.” have found by randomized prospective trial 
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Fic. 2. Comparison of cumulative secondary patency of in situ saphenous 


vein grafts to popliteal and infrapopliteal arteries (Mantel-Cox log rank 
comparison at 5 years). 


No. of Grafts Interval Cumulative Standard 
Withdrawn Patency Patency Error 
Patent (%) (%) (%} 
40 94.6 94.6 1.5 
19 98.3 93.0 1.8 
25 - 97.4 90.6 2.1 
44 97.4 88.2 2.4 
27 97.4 85.9 2.9 
29 100 85.9 2.9 
23 100 85.9 2.9 
42 90.5 90.5 2.2 
12 94.1 85.2 2.7 
25 96.3 82.0 3.1 
25 98.8 81.0 3.2 
29 100 81.0 3.2 
21 96.3 78.0 4.3 
10 100 78.0 4.3 


that in situ and reversed greater saphenous vein bypass 
are equally effective at 3 years in the femoropopliteal po- 
sition. Our own experience with both methods for bypass 
to the infrapopliteal level, however, indicates a clear su- 
periority of grafts using in situ vein.” Conversely Taylor 
et al.® have achieved overall results in 285 reversed greater 
saphenous vein grafts very similar to our in situ experience 
in a very comparable patient group. 

In all grafts, but particularly in those to the infrapopli- 
teal level, patency is compromised by early perioperative 
failure, mid-term graft or anastomotic myointimal hy- 
perplasia and late progression of disease in the inflow or 
outflow arteries.'*!> Our experience of 6% graft throm- 
bosis within 30 days of surgery is typical of other recent 
series,”** with 18 of 27 such failures in infrapopliteal grafts. 
Analysis disclosed systemic hypotension, technical error, 
inadequate distal run-off, and hypercoagulability as the 
most probable causes of early graft occlusion. It would 
appear that improved patient selection, operative tech- 
nique, and perioperative care can further reduce this 
complication. In addition, because of the apparent im- 
portance of hypercoagulability, before operation we screen 
patients undergoing infrainguinal reconstruction for 
presence of heparin-associated platelet activation and lu- 
pus anticoagulant.”° 

‘There is growing recognition of the importance 
of postoperative graft surveillance to detect early and mid- 
term myointimal hyperplasia within the vein graft or at 
the anastomotic regions. The subcutaneous location of in 
situ saphenous vein grafts greatly facilitates monitoring 
with duplex ultrasound to sample overall graft velocity 
and to interrogate areas of stenosis. It is clear that revision 
of stenosis before occlusion yields long-term patency sim- 


13,22,26-28 


462 


DONALDSON, MANNICK, AND WHITTEMORE 


Ann. Surg. e May 1991 


TABLE 8. F ive-year Cumulative Secondary Patency of 440 In Situ Saphenous Vein Grafts, by Indication for Surgery 


No. of Grafts No. of Grafts 
Interval (mos.) at Risk Failed 
Claudication 
0-3 141 6 
3-6 119 0 
6-12 107 1 
12-24 89 I 
24-36 i 62 2 
36-48 38 l 
48-60 20 0 
Critical ischemia 
0-3 299 31 
3-6 203 3 
6-12 180 7 
12-24 140 2 
24-36 94 l 
36-48 59 0 
0 


438-60 21 


No. of Grafts Interval Cumulative Standard 
Withdrawn Patency Patency Error 
Patent (%) (%) (%) 
16 95.5 95.5 1.8 
12 100 95.5 1.8 
17 99.0 94.5 2.0 
26 98.7 93.3 2.0 
22 96.1 89.7 3.4 
17 96.6 86.6 4.4 
14 100 86.6 . 44 
65 88.4 88.4 2.0 
20 98.4 87.0 2.1 
33 95.7 83.2 2.4 
44 98.3 81.8 2.6 
34 98.7 80.8 2.8 
32 100 80.8 : 2.8 
19 100 80.8 2.8 





p = 0.14 at 5 years. 


ilar to that experienced by unrevised grafts. Theoretically 
by using the appropriate surveillance strategy and thresh- 
old for intervention, residual and progressive stenoses can 
be detected and corrected early enough to completely ob- 
viate occlusion resulting from lesions within the vein graft 
itself, 


pending graft failure compared with duplex ultra- 
sound.!*8 Using a reduction in overall graft velocity to 
less than 0.45 m/second as a threshold for intervention, 
Bandyk et al.° have succeeded in enhancing 4-year in situ 
vein primary patency of 62% to secondary patency of 85% 


in exchange for a reoperation rate of 28% (Table 9). In 


10% of revisions, the vein was found occluded. Using a 
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FiG. 3. Comparison of cumulative secondary patency of in situ saphenous 
vein grafts for claudication and critical ischemia (Mantel-Cox log rank 
comparison at 5 years). i 


Recurrence of symptoms and decreases in segmental 
limb pressure are relatively insensitive indicators of im- ; 


surveillance strategy that has relied largely on segmental 
limb pressures and only more recently on duplex ultra- 
sound, we have been able to improve a 72% overall pri- 
mary patency to 83% secondary patency, with a revision 
rate of 12%. In 66% of these revisions, the vein had oc- 
cluded. Assuming that many of our occlusions might have 
been prevented by a more aggressive reoperation rate, our 
secondary patency would be even more encouraging. It 
is clear that further work using duplex ultrasound and 
other noninvasive monitoring methods will be needed to 
clarify the optimal surveillance protocol. 

After even a short period of thrombosis, graft longevity 
is severely reduced. Contact of the vein with thrombus 
and subsequent disobliterative efforts appear to accelerate 
the process of reactive hyperplasia in the vein wall. In our 
experience use of fibrinolytic therapy has had no advan- 
tage over surgical thrombectomy as a means of clearing 
thrombus, as both methods combined with correction of 
the underlying lesion result in disappointing prolongation 
of patency.2? Nonetheless, efforts to restore patency to 
occluded in situ grafts are worthwhile, as our secondary 
patency rates were somewhat higher than the primary re- 
vised rates. We would recommend careful selection of 
appropriate candidates for revision, however, as complete 


=. replacement of an occluded vein may ultimately be the 


best strategy in many instances. 
At risk of further confusion, our patency data has been 
presented using three different curves in an effort to clarify 


the impact of graft revision for nonocclusive lesions (pri- 


mary revised patency), as distinct from the impact of re- 
visions after occlusion (secondary patency). Most of the 
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TABLE 9. Comparison of Experience with Greater Saphenous Vein Bypass 5 
Critical Primary Grafts Seconcary 
Ischemia Infrapopliteal Patency Revised Patency 
Author Method n (%) Graft (%) (%)* (%) (yF | 
Leather 1988 ISV 1,038 91 64 59 11.5 76 , 
Bandyk 1989 ISV 250 93 67 62 28 85 | 
Present series ISV 440 68 46 72 12 83, 
Berkowitz 1987 RV 102 86 100 47 19 70 | 
Fogle 1987 RV J33 77 .6 N/A 6 63 . 
Taylor 1990 RV 285 73 


ISV, in situ vein; RV, reversed vein. 
* Primary patency, patency without any revision. 
t Secondary patency, patency after revision for stenosis or occlusion 


literature includes only grafts with no revision in primary 
patency tables, and all grafts (unrevised, and revised patent 
or occluded one or more times) on secondary patency 
tables. The Ad Hoc Committee on Reporting Standards 
of the National Vascular Societies has suggested that pri- 
mary patency include unrevised and revised patent grafts, 
using secondary patency tables only after graft occlusion.*° 
Our scheme reflects both common practice and Ad Hoc 
Committee recommendations. 

Using the in situ greater saphenous vein as a corner- 
stone, we have made an effort to pursue a policy of all 
_ autogenous infrainguinal reconstruction since 1985.7! 
Primary amputations have been necessary in only 1.3% 
of patients presenting with atherosclerotic occlusive dis- 
ease below the inguinal ligament, and autogenous revas- 
cularization methods have been applicable in 90%. The 
in situ greater saphenous vein has been available in 66% 
_of reconstructions, despite 25% of patients who presented 
after previous ipsilateral surgery. Limb salvage rates are 
nearly 90% at 5 years, and even in patients presenting 
with critical ischemia, 5-year limb salvage is possible in 
85%. Improvement in long-term patient survival rates 
compared with years past reflects improvements in sur- 
gical and cardiac care despite more advanced systemic 
and peripheral atherosclerosis. Although infrainguinal re- 
vascularization clearly remains palliative, it is increasingly 
important to provide maintenance-free durable relief from 
_ ischemia, given the increased longevity of the patient 
population. | 

The current series represents the entire experience with 
in situ greater saphenous vein bypass on the vascular ser- 
vice at Brigham and Women’s Hospital and supports 
continued use of this method as the preferred approach 
to infrainguinal arterial occlusive disease. In particular, 
reconstructions below the popliteal artery in patients with 
advanced disease and diabetes are well served by this ver- 
satile and simple technique. Future efforts should be di- 
rected at further reducing wound morbidity and causes 


37 80 N/A 84 | 


except Berkowitz (revisions for stenosis only). 
All petency rates are cumulative at 5 years except Bandyk (4 years). 


of early graft failure and at perfecting strategies for mid- 
term graft surveillance with revision before occlusion. The 
underlying issue of myointimal hyperplasia after vascular 
intervention remains to be solved. 
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DISCUSSION 


Dr. GEORGE JOHNSON, JR. (Chapel Hill, North Carolina): This series 
of bypass grafts below the inguinal ligaments continues to be the gold 
standard for surgeons who do vascular operations. 

Based on experience with 652 patients followed sy my colleague, Dr. 
Steven Burnham at the University of North Carolina Hospitals, we agree 
with their techniques and conclusions. 

They have used reporting criteria developed by the vascular societies 
that use primary and secondary patency. Their data, therefore, emphasize 
the need for postoperative surveillance of the grafts in these patients. 

Their data also reaffirm DeWeese and Robbs’ study of 15 years ago 
that showed the life expectancy for these patients is roughly one third 
that of the rest of the population—a fact that needs to be considered 
when operating on these patients. It also raises the question of whether 
we should be more aggressive in performing or reccmmending coronary 
revascularization on these patients. 

Our series differs slightly in that 90% compared z0 70% were for isch- 
emia; and 5%, compared to their 20%, were above-the-knee bypass grafts. 
For above-the-knee bypass grafts, we used translocated nonreversed sa- 
phenous veins with valve disruption. 

Although we use in situ grafts for ali infrapopliteal bypasses, perhaps 
the answer is to use vein, but to do it the way the surgeon doing the 
operation can do it best using reversed saphenous veins. Porter has the 
best primary patency of the series you reviewed. Tre randomized series 
from your institution may reflect your superior skill in doing in situ 
bypass grafts. 

Your reports on hypercoagulability have interested us. We have been 
investigating the influence of the acute-phase reaction on this condition. 
In the immediate postoperative period, fibrinogen is increased and pre- 
liminary data suggest a decrease in protein C. 

You state that you are now screening for heparin-associated platelet 
activation and lupus anticoagulant before operation. Why not anti- 
thrombin III, protein C, and protein S as well? 
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Dr. CARLOS CHAVEZ (Brownsville, Texas): We continue to use the 
reverse saphenous vein graft because we have not found hard data and 
convincing data that the in situ grafts are superior to the reversed vein 
graft. However the presentation by Dr. Mannick may change our minds. 

One way to avoid the use of below-the-knee distal anastomosis is the 
combination of open balloon angioplasty of any stenotic lesion in the 
popliteal segment and placement of the distal anastomosis above the 
knee. 

We make our arteriotomy in the distal superficial femoral artery as if 
we were going to do a routine femoral popliteal bypass. And through 
this incision we introduce the balloon catheter to dilate any popliteal 
stenosed segment. We used this approach in the last 21 patients in whom 


‘a popliteal stenosis was present, and we have had very gratifying results. 


How do you, Dr. Mannick, rate your results early and late with those 
using reverse saphenous vein grafts in both below or above the knee 
grafts? 


Dr. MAGRUDER DONALDSON (Closing discussion): This clearly is, as 
Dr. Johnson mentioned, a game of palliation. And despite discussion 
about the possible impacts of coronary bypass and improved coronary 
medical therapy, this group of patients does not survive nearly as long 
as the rest of the population. So what we are striving for is a simple, safe, 
and very effective means of revascularizing painful legs that has durability 
and does not require maintenance every 6 to 12 months. The in situ 
graft as practiced in this series and in others around the country comes 
closest to fitting this need. 

We found that even in the above-knee circumstance where, indeed, 
only part of the graft remains completely in situ, it is simple to unroof 
the graft, connect the top end to the femoral artery and the lower end 
to the popliteal artery rather than take it out and reverse it. This ease 
and simplicity becomes more obvious the further down the leg you go. 
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There has been experience, in reference to Dr. Chavez’ comments, 
with small vessel angioplasty. And although we also have used such an- 
gioplasty in some occasions before operation, there really is not sufficient 
evidence to support it as part of a durable, long-term solution when 
compared particularly with the excellent results that seem to be available 
through tibial grafts using the in situ method. The results are so satisfactory 
with distal revascularization that, in fact, we have been moving farther 
and farther down the leg using this method. 

The hypercoagulability, we think, is an important problem in the first 
30 days. About one third of our patients, either by proofs or strong 
influence, appear to have occluded in the presence of abnormal hyper- 
coagulability. We have been looking prospectively in an attempt to iden- 
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tify people with heparin-associated platelet activation and lupus anti- 
coagulant because they seem to be the most nasty critters. At one point 
we also surveyed for protein C, protein S, antithrombin I, plasminogen 
abnormality, and fibrinogen and found the yield so small that the added 
cost of including them prospectively on a routine basis would not really 
be justifiable. So at this point we are continuing to look for hepazin 
antibody and lupus anticoagulant. If we run into a clotted graft, we work 
backware trying to understand whether that patient in particular had 
one of these less common problems. | 
The issue of surveillance for long-term management needs some more 
work to try to identify patients before they get into trouble and to avoid 
having to resurrect a graft after it has occluded. 
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Poisonous Snakebite in Central Texas 


Possible Indicators for Antivenin Treatment 





Sixty-seven patients hospitalized for poisonous snakebite be- 
tween 1975 and 1990 were managed by elevation, tetanus pro- 
phylaxis, intravenous fluids and antibiotics, and often by a lim- 
ited excision of the bite site in the Emergency Department, with 
sequential laboratory studies as needed. Antivenin was used for 
systemic envenomation, and 23 of the 67 patients (34%) received 
133 vials. Thirteen of the twenty-three patients (56%) had ad- 
verse reactions to the antivenin. Two significant observations 
arose. First age was an indicator. Eleven of eighteen patients 12 
years or younger (61%) received antivenin, whereas 12 of 49 
patients older than 12 years (24%) received antivenin (p = 0.0085, 
Fisher’s exact test). Second species of snake was an indicator. 
Sixty-two snakes were identified (93%). Of 39 rattlesnake (Cro- 
talus and Sistrurus) bites, 20 patients received antivenin (53%), 
but of 23 copperhead and water moccasin (Agkistrodon) bites, 
only three patients(12.5%) received antivenin (p = 0.0025). An- 
tivenin may be indicated for use in systemic rattlesnake enven- 
omation, especially in younger patients. 


HE CLINICAL MANAGEMENT of poisonous snake- 
bite continues to stir controversy. Advocates 
of antivenin (Crotalidae) polyvalent therapy 
(Wyeth-Ayerst Laboratories, Philadelphia, PA) record its 
benefits and suggest the potentially harmful result of ag- 
gressive surgical treatment.'* Others eschew antivenin to 
recommend excisional therapy,’ and some favor excision/ 
fasciotomy therapy,*” sometimes using antivenin. Re- 
cently a major series report suggests that neither antivenin 
nor surgical excision is needed in the majority of snakebite 
cases.° 
Stimulated by the controversy, we established a 15-year 
institutional review to assess our experience in treating 
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poisonous snakebites, looking especially for possible in- 
dicators to administer antivenin. 


Methods 


From 1975 through January 1990, 67 patients were 
admitted for treatment of poisonous snakebite at Scott 
and White Hospital, Texas A&M University College of 
Medicine in Temple, Texas. Patient ages ranged from | 
to 76 years. Nine patients were aged 6 years or younger, 
and 18 were 12 years or younger. The average age was 
32.5 years. Forty-eight patients were male, and 19 patients 
were female. The average time from injury to hospital 


_ presentation was 1.9 hours, with a range of 10 minutes 


to 12 hours. 

The biting snake was identified in 93% of the cases. 
Either the victim or an observer at the scene made positive 
identification or the snake was identified using a color 
atlas at the Emergency Department. All snakes identified 
were native to Central Texas, where 11 species of poison- 
ous snakes are indigenous, including the western dia- 
mondback (Crotalus atrox), the canebrake rattlesnake 
(Crotalus horridus atricaudatus), the timber rattlesnake 
(Crotalus horridus horridus), northern blacktailed rattle- 
snake (Crotalus molosus molosus), and the prairie rattle- 
snake (Crotalus viridus viridus). A second genus of Central 
Texas rattlesnake includes the western massasauga (S7s- 
trurus catenatus tergeminius), the western pigmy (Sistru- 
rus miliarius streckeri), and the desert massasauga (Sis- 
trurus catenatus edwardsi).’ 

A third genus of poisonous snakes native to Central 
Texas includes the broad-banded copperhead (Agkistro- 
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don contortrix laticintus), the southern copperhead (Ag- . 


kistrodon contortrix contortrix), and the western cotton- 

mouth moccasin (Agkistrodon piscivorus leucostoma).' 
According to type of snake, 39 victims were bitten by 

rattlesnake (58%), 20 by copperhead (30%), 3 by cotton- 


mouth moccasin (4%), and 5 by an unidentified snake: 


(7%). Medical record review also included location of bite 
wound, circumstances of the biting event, patients’ clinical 
signs and symptoms, steps in early management, labo- 
ratory reports, severity of injury with attempts at retro- 
spective grading of envenomation, use of antivenin, re- 
quirements for further surgery, and eventual outcome. 


Results 


Initial care began with verification of bite wound by 
poisonous snake. Some patients brought to the Emergency 
Department a dead snake in a bag, and one even brought 
a live one. The history of snakebite was then confirmed 
by documentation of one or more fang marks at the bite 
site. The distance between fang marks was used as a guide 
to size of snake and gave rough indication of severity of 
envenomation to be expected. Physical findings and com- 
plaints of pain confirmed envenomation, but severity of 
these signs varied widely at the time of initial presentation 
to the emergency department, depending partially on 
elapsed time since the biting. The sooner the patient came 
to the emergency department, the more unimpressive were 
the presenting physical findings. Several patients thought 
initially to have sustained no envenomation, but who had 
a positive history and fang marks, subsequently, in the 
ensuing hours developed pain, marked swelling, and ec- 
chymosis. All patients with fang marks were admitted for 
close observation because initial grading was unreliable 
as a guide to the severity of envenomation. Clinical signs 
and symptoms evolved progressively in 6 to 12 hours after 
biting, revealing the degree of envenomation. Subsequent 
retrospective grading also proved imprecise. 

No patients were bitten on the job, but all were bitten 
during what generally could be termed recreation—such 
as hunting, fishing, gardening, outside play, and snake 
round-ups. Most bites occurred during spring and sum- 
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mer, and the right hand (27) and left foot (21) were the 
most common bite sites. 

Initial laboratory studies included complete blood an 
with platelet count and clotting studies (prothrombin time, 
partial thromboplastin time, fibrinogen levels, and fibtin 
split products.) These studies were repeated at 6-hour 1 in- 
tervals until stable. Initial treatment often included a lim- 
ited, early excision of the bite wound, especially for rat- 
tlesnake bites. Removal of a small ‘plug’ of skin and sub- 
cutaneous tissue, to include the fang marks, was chosen 
when anatomically convenient. Sometimes an incision 
was made connecting two fang marks. This procedure 
usually was carried out in the emergency department. 
Fascial integrity can be assessed through this wound. | 

The small wounds resulting from bite excision some- 
times-oroduced voluminous outpouring of serous drainage 
in the first several days, thus partially decompressing the 
extremity. | 

Wound sites were maximally elevated to protect distal 
tissue from vascular compromise associated with swelling. 
Upper-extremity bites were elevated by nonconstricting 
stockinette sling, and lower extremity bites were elevated 
with multiple pillows and bed positioning. Swelling was 
centripetal, and regional lymph nodes routinely became 
tender. Swelling and ecchymosis often progressed to the 
trunk. 

Patients were satninistered intravenous fluids and an- 
tibiotics, tetanus toxoid, and analgesics as needed. In the 
early vears of the review, four patients were administered 
systemic steroids. On review no specific benefit could ‘be 
attributed to steroid therapy. Patient condition was mon- 
itored continuously. If severe systemic symptoms devel- 
oped, such as marked nausea and vomiting, central ner- 
vous system signs, cardiovascular shock, or detertoration 
of clotting parameters, the patient was skin tested for sen- 
sitivity to antivenin (Crotalidae) polyvalent. If nonreactive 
to skin test, patients with severe systemic signs and symp- 
toms were moved to a monitored bed in the surgical in- 
tensive care unit and administered intravenous antivenin. 
If no allergic symptoms developed, multiple vials were 
administered according to package insert guidelines (T able 
1). Twenty-three patients received 133 vials. Mild itching 


TABLE 1. Guidelines for Antivenin Administration | 


Severity 
No envenomation No local or systemic signs 
Minimal envenomation 
Moderate envenomation 
Severe envenomation 


From Wyeth, Antfivenin (Crotalidae) Polyvalent (equine origin) package insert, 1984. 


Manifestations 


Local swelling, no systemic signs, normal lab 
Extended swelling, 1 or more systemic manifestation, lab abnormalities 
Marked local response, severe systemic manifestations 


Amount of Antivenin 


0 
2-4 vials 
5-9 vials 
10-15+ vials 
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or hives were treated with intravenous Benadryl® (Parke- 
Davis, Morris Plains, NJ). When severe allergic reactions 
such as anaphylactic shock developed, however, the an- 
tivenin was immediately stopped and the patient was re- 
suscitated. 

Clotting abnormalities seemed to be of two varieties. 
One was a consumption-type coagulopathy with very low 
platelet count and disseminated intravascular coagulation. 
The other was a heparinlike syndrome with prolongation 
of prothrombin time and partial thrombcplastin time but 
with normal platelet count. Mixed-coagulopathy patterns 
also were noted. Both types of coagulation abnormalities 
occasionally returned toward normal within minutes of 
intravenous antivenin administration, but not in all pa- 
tients. Some antivenin recipients demonstrated slow re- 
covery of clotting aberrations in a way similar to untreated 
patients. Relief of gastrointestinal symptoms frequently 
followed antivenin administration, but again, at a variable 
rate. 

Of the 67 patients hospitalized, 23 were treated with 
antivenin for severe systemic symptoms of envenomation 
(Table 2). Twenty of these twenty-three severely injured 
patients (87%) were rattlesnake (Crotalus and Sistrurus) 
bite victims, constituting 53% of the 39 total rattlesnake 
bites. The remaining three patients treated with antivenin 
for severe systemic symptoms were bitter by copperhead 
(two) and cottonmouth moccasin (one) of genus Agkis- 
trodon. They constituted 13% of the 23 Agkistrodon bites. 
Comparing species of biting snake as an indicator for an- 
tivenin use, 53% of Crotalus and Sistrurus bites were 
treated, but only 13% of Agkistrodon bites were treated 
(p = 0.003 Fisher’s exact test). All three of these Agkis- 
trodon bites were treated before 1980. Our current practice 
is to withhold antivenin for Agkistrodon bites because the 
symptoms are less severe and resolve sooner than do rat- 
tlesnake bite symptoms. 

Analysis of patient ages (Table 2) showed that 18 bite 
victims were 12 years of age or younger and that 11 of 
these (61%) received antivenin for signs of systemic en- 
venomation. By contrast, 12 (24%) of 49 older patients 


TABLE 2. Antivenin Treatment Demographics 


Patients Who 
Number of F.eceived 
Patient Groups Patients Antivenin % 
Rattlesnake bites 39 20 53 
Copperhead bites 20 2 10 
Water moccasin bites 3 1 33 
Unidentified 5 0 0 
12 years old or younger 18 11 61 
Older than 12 years old 49 12 24 


Total patients 67 23 34 
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TABLE 3, Further Surgery Demographics 


Patients % of Patients 
Receiving Receiving 

Number of Further Further 

Patient Groups Patients Surgery Surgery 
Rattlesnake bites 39 16 (41%) 84 
Cooperhead bites 20 1 (5%) 5 
Water moccasin bites 3 2 (67%) 11 
Unidentified > 0 0 
12 years old or younger 18 9 (50%) 47 
Older than 12 years old 49 10 (20%) 53 
Total patients 67 19 (28%) 100 


received antivenin (p = 0.0085). Of the 12 patients de- 
veloping severe coagulopathy, 9 were children, whereas 
only 3 were adults (p = 0.0002). 

Adverse reactions to antivenin were recorded in 13 of 
23 hospitalized patients treated with antivenin (56%). Nine 
of these patients had severe anaphylactic reactions with 
shock symptoms. This experience leads us to give anti- 
venin in the intensive care setting. The mean age of hos- 
pitalized patients showing no adverse allergic reactions to 
antivenin was 18.2 years, whereas those with adverse al- 
lergic reactions had a mean age of 34.5 years. Although 
younger patients were sicker and more often received an- 
tivenin, they tolerated antivenin therapy better, having 
fewer adverse reactions. The frequency of serious allergic 
reactions, however, is a major restraint on our decision 
to chose antivenin therapy. 

During the hospital course, 19 patients required sub- 
sequent surgical procedures (Table 3). Of these, 16 were 
rattlesnake bite victims (84%), 2 were moccasin bites, and 
| was a copperhead bite. Rattlesnake bites (16/39) were 
much more likely than copperhead bites (1/20) to require 
further surgery (p = 0.005). A 7-year-old patient, who was 
bitten by a copperhead on the left fifth toe, developed 
severe nausea and vomiting and a marked coagulopathy 
associated with dramatic swelling and impaired circulation 
in the left foot. Within the first 24 hours he had a pressure- 
releasing dorsal skin incision that was closed secondarily 
on day 6. No tissue was lost. This patient, treated in 1980, 
was also our last copperhead bite to receive antivenin. 
One of the two moccasin bite victims was similarly op- 
erated for severe lower-extremity swelling and distal isch- 
emia with secondary closure and no tissue loss. The other 
moccasin bite requiring further surgery had a left long 
finger bite that led to finger-tip necrosis and distal inter- 
phalangeal amputation. The 16 rattlesnake patients re- 
quiring additional surgery included two arthrotomies for 
wash-out of joint penetration (one finger in an adult and 
one knee in a child). Fasclotomy was used whenever sus- 
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picion of subfascial envenomation led to concern for 
muscular compartment pressure syndrome. 

One rattlesnake victim kept several ‘pet’ snakes in his 
house and regularly ‘mainlined’ small doses of venom 
intravenously in the mistaken effort to become tolerant. 
He was ‘kissing’ a large rattler when it bit him in the 
upper lip, causing marked facial swelling. Surgical release 
was performed by upper labial sulcus incision for sub- 
muscular elevation of the soft tissues of the central face 
at the periosteal level, resulting in outpouring of edema 
fluid. Eventual healing ensued with no tissue loss and no 
postoperative complications. A 55-year-old man, bitten 
on the left foot by a rattlesnake, was treated with ice before 
referral to Scott and White and sustained eventual skin 
necrosis on the foot and ankle. He had a surgically re- 
mediable arterial occlusive lesion that was repaired before 
soft-tissue reconstruction. The left foot wound was re- 
paired, first by unsuccessful free flap transfer, and later 
successfully by cross-leg flap. Limb salvage was accom- 
plished, but this patient was in the hospital for 57 davs. 
One female competitor in the snake-bagging contest at a 
rattlesnake roundup was struck by a large rattlesnake that 
‘hung on’ for a prolonged interval. Despite antivenin and 
surgical releasing incisions, marked tissue necrosis led to 
amputation of the index finger ray. Nine of the nineteen 
patients requiring subsequent surgery were aged 12 years 
or younger, a rate of 50% for the 18 children in the series 
(Table 3). Ten of forty-nine older patients (20%) required 
further surgery (p = 0.03). No patients died. 

Average length of hospital stay (Table 4) for all patients 
was 5.6 days. Rattlesnake bite victims stayed an average 
of 7.8 days, whereas copperhead bite patients averaged 
2.2 days. The three moccasin bite patients stayed 11, 5, 
and 1 days in the hospital. Using hospital stay as a severity 
index, rattlesnake bites kept patients in the hospital the 
longest. Further only two of the 20 copperhead bite pa- 
tients stayed longer than 4 days in the hospital (6 days 
and 8 days), whereas nine of 39 rattlesnake bites stayed 
in the hospital over 10 days (10, 13, 14, 15, 17, 19, 19, 
20, and 57 days). At the same time, 12 of 39 rattlesnake 


TABLE 4. Length of Hospital Stay 


Number of Number of 
Average Patients in Patients in 
Days in 10 or More 2 or Less 
Patient Groups Hospital Days Days 
39 Rattlesnake bites 7.8 9 (24%) 12 (32%) 
20 Copperhead bites 22 0 16 (80%) 
3 Water moccasin 57 1 (33%) 1 (33%) 
5 Unidentified 1.3 0 5 (100%) 
67 Total patients 5.6 
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bite patients stayed 2 days or less in the hospital and clearly 
had minimal envenomation. 


Discussion 


Although this series of 67 poisonous snakebites is not 
a large experience, it demonstrates several observations 
that may help us to understand some of the divergent 
recommendations in the snakebite literature. 

First our study suggests that all United States pit vipers 
(Crotalid family), and pit viper bites, are not equal. Our 
rattlesnake (Crotalus and Sistrurus) bite patients more 
often manifested signs of severe envenomation, more of- 
ten required additional surgery, more often received an- 
tivenin, and had a much longer average hospital stay than 
the copperhead (Agkistrodon) bite patients. Of course 
some rattlesnake bites produced minimal envenomation, 
but if a large rattlesnake inflicted significant envenoma- 
tion, the patient would very likely be quite sick. 

Snakebite series wherein rattlesnakes (Crotalus and 
Sistrurus) predominate, such as the comprehensive reports 
of Snyder et al., Glass,’ and Grace and Omer,” document 
the severe injury caused by significant rattlesnake enven- 
omation, including tissue necrosis, amputation, and death. 
Our rattlesnake experience supports these reports. 

Other authors report snakebite series predominantly 
involving bites by copperhead and water moccasin (Ag- 
kistrodon),©’ or the mildly poisonous Northern Pacific 
rattlesnake (Crotalus viridis oregansus).’ Burch et al.® re- 
port a larger series of 81 snakebites, but only 10 were 
rattlesnake bites. These 10 bites accounted for four of 
their five most severe envenomations. Their 45 copper- 
head bite patients had a relatively short hospital stay (2.5 
days), comparing favorably with our average copperhead 
bite hospital stay of 2.2 days. Similarly a recent report by 
Wagner and Golladay’ suggests management guidelines 
for (Crotalid) envenomation in a series of 29 young snak- 
ebite patients that included only three documented rat- 
tlesnake bites. Of the 26 remaining bites (Agkistrodon or 
unidentified), all but one was judged to be mildly or min- 
imally envenomated. Only three bites were graded more 
severe—two rattlesnake and one moccasin. In our series 
the 20 copperhead bites were similarly less severely en- 
venomated than the 39 rattlesnake bites. 

Based on our experience and that reported by others, 
we believe that identifying the biting snake is an important 
aspect in establishing the therapeutic mind-set for the care 
of a snakebite patient. In doing so, some apparent cor:- 
tradictions in management recommendations are re- 
solved. Burch et al. and Wagner and Golladay’ report 
series from our south-central United States region. Their 
series include few rattlesnake bites, and their recommen- 
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dations for therapy are conservative, mostly advocating 
supportive care. Looking exclusively at our copperhead 
bite patients, we concur with these authors. We disagree, 
however, that management experience based largely on 
copperhead bites should be generalized to the manage- 
ment of all Crotalid (United States pit viper) bites. 

Similarly when Snyder et al., Glass,* and Grace and 
Omer,’ all dealing mainly with rattlesnake victims, ad- 
vocate more aggressive medical and surgical treatment, 
we again concur. Our significantly envenomated rattle- 
snake bite patients suffered severe pain, marked coagu- 
lation defects, systemic symptoms, and tissue necrosis. 
We agree that aggressive medical and surgical therapy is 
appropriate for many rattlesnake bite victims, but we dis- 
agree that one can generalize from this experience to 
management recommendations for all Crotalid (US pit 
viper) bite patients. We also disagree with the influential 
report of Huang et al.? from a coastal Texas experience 
geographically similar to that of Burch et al.° Huang ad- 
vocated an aggressive surgical excision approach to all 
poisonous snakebite patients without any genus identifi- 
cation of biting snake in the report. Our data cannot sup- 
port the implicit assumption that all poisonous snakebites 
are the same and should therefore be treated similarly. In 
general rattlesnake bites are worse injuries than copper- 
head bites, and cottonmouth moccasin bites probably fall 
somewhere in between. 

Secondly, our data show that younger patients suffered 
more severe envenomation syndromes than did adults. 
This observation is consistent with other reports.°*® On 
the other hand, Wagner and Golladay’ suggest that poi- 
sonous snakebite in children can be managed conserva- 
tively, especially in copperhead bites. In addition, our data 
show that 9 of 12 severe coagulopathy reactions occurred 
in children, one of which was a copperhead bite. Whether 
this age group difference is related to weight, blood vol- 
ume, surface area, or other factors is unknown. 

Biochemical analyses of snakebite-related coagulation 
defects!™! suggest significant species differences among 
poisonous snakes. Not only are differences noted between 
Eastern diamondback rattlesnake (Crotalus adamanteus), 
which can cause a hypofibrinogenemia without profound 
thrombocytopenia,'*:!* and Western diamondback (Cro- 
talus atrox), which can cause a consumptive-type coag- 
ulopathy with thrombocytopenia,'”!° but also differences 
are noted among individual snakes in the same genus.!!!* 
There is even variation of venom enzymatic content doc- 
umented in the same rattlesnake at different times.!° 
Moreover distinct differences between Crotalus and Ag- 
kistrodon venoms are noted both in their mechanism of 
enzymatic initiation of anticoagulation effect and in their 
potency to anticoagulate the victims.!° 
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Indications for antivenin treatment remain uncertain 
and subject to debate. Analysis of our data shows that 
rattlesnake (Crotalus and Sistrurus) bites and juvenile pa- 
tient age are two factors that correlate both with increased 
severity of envenomation and consequently with our se- 
lective decision to administer intravenous antivenin. 

The answer to the question of when to give antivenin 
is not clarified by inspection of the antivenin (Crotalidae) 
polyvalent. It is developed by collecting concentrated 
serum globulins from horses immunized with the follow- 
ing venoms: Crotalus adamanteus (Eastern diamondback 
rattlesnake), Crotalus airox (Western diamondback rat- 
tlesnake), Crotalus durissus terrificus (Tropical rattle- 
snake, Cascabel) and Bothrops atrox (Fer-de-lance).'° The 
decision to treat with antivenin not only loads the patient 
with additional foreign animal proteins but also admin- 
isters a product derived from equine exposure to snake 
venoms, two of four of which snakes do not even reside 
in the United States. Knowing the variations among native 
snake venoms, one must question the wisdom of giving 
patients antivenin against foreign snakes. The content of 
antivenin complicates a therapeutic decision already fac- 
ing myriad variables. 

Until the double-blind study called for by Lindsey?” is 
published, the treating physician must weigh indications 
for antivenin therapy on an individual basis. 

We recommend withholding antivenin therapy for 
copperhead snakebite patients in all but the most severe 
copperhead envenomations. Rattlesnake bites 1n our lo- 
cale are capable of producing very severe envenomation 
syndromes, especially in young patients, and, therefore, 
we will continue to treat selected severely envenomated 
rattlesnake bite victims with antivenin. The species of 
snake and the age of patient may be possible indicators 
for its selected use. 

Summarizing our treatment recommendations, we ad- 
vocate early limited bite excision when anatomically con- 
venient, following Snyder et al., who demonstrated re- 
moval of up to 75% of injected venom for up to 2 hours 
after the bite. We especially advocate excision of rattle- 
snake and cottonmouth moccasin bites. The injured part 
is then elevated to minimize swelling, seeking to avoid 
releasing incision/fasciotomy. Coagulation studies and 
clinical condition are monitored. Surgical releasing inci- 
sions are used for any signs of circulatory compromise in 
peripheral tissues or to release envenomated muscular 
compartments. No attempt is made to excise ecchymotic 
tissue at the time of these later operations. Secondary clo- 
sure is sought as soon as decreased swelling allows. Intra- 
venous antivenin (Crotalidae) polyvalent is given to pa- 
tients who manifest systemic signs of severe envenoma- 
tion, mostly for rattlesnake bites, especially in children. 
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Further surgery is chosen as needed in the repair of ne- 
crotic tissues. This occurs predominantly in rattlesnake 
bites. 
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DISCUSSIONS 


DR. CHARLES H. WATT, JR. (Thomasville, Georgia): I became inter- 
ested in the treatment of snakebites 37 years ago when Dr. L. M. Klauber 
of San Diego in his classic two-volume series of rattlesnakes stated that 
the Eastern diamondback rattlesnake was probably the most dangerous 
in America. 

We have 272 poisonous snakebites treated since 1953; 94, as you see, 
were caused by the Eastern diamondback. Most of our bites were from 
this species and the Florida cottonmouth. There were no deaths. There 
were no deformities, except in one case in which cryotherapy was used 
at another institution. 

Two reasons, perhaps, account for the difference in our treatment. 
Dr. White is faced with a 2-hour presentation time, as you noted a minute 
ago, compared to our 40 minutes. The difference in species, as he noted, 
must be taken also into account, which may be why we are using antivenin 
much more frequently and in larger amounts in treating our Eastern 
diamondback and canebrake rattlesnakes. 

We are acutely aware of the disadvantages of horse serum in antivenin 
also, but without antivenin, we would have several deaths—which hap- 
pened in our hospital before 1953, but not in our series. 

Even with a negative horse serum test, we administer epinephrine and 
antihistamine, which reduces considerably the incidence of anaphylaxis, 
and the frequent occurrence of serum sickness is controlled with steroids 
and an antihistamine. 

In severe cases we may give antivenin as a 5-minute push, but we 
rarely continue the push after the first few vials, then switch to a more 
dilute solution. Due to the above routine, we almost never see coagu- 
lopathy. We average 18.7 vials of antivenin per patient who has been 
bitten by the Eastern diamondback and canebrake rattlesnakes. We give 
an average of 9.2 vials of antivenin to the victims of the adult cotton- 
mouth. 

I don’t know whether. that shows up very well, but this is a good 
example of a child bitten on the left leg three times by an Eastern dia- 
mondback snake with no excision and who received 22 vials of antivenin. 
She had no deformity. 

We have had to do only one fasciotomy in this series of 272 cases. 
This followed cryotherapy in another hospital, even though adequate 
antivenin had been given. Bill Lorimer of Ft. Worth, Texas, and a member 
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of this organization, feels as I do, that if adequate antivenin is given one 
rarely needs surgery. 

Because 21% of all snakebites occur in the digits, we have done 80 
digit dermotomies and think it is helpful and have described this pro- 
cedure in the literature. 

Dr. White, I'd like to ask you how many of your cases with antivenin 
had severe anaphylaxis. I agree a double-blind study would certainly be 
in order, as you mentioned. 


Dr. RICHARD BAKER (Lubbock, Texas): At Texas Tech we see 10 to 
15 bites a year, exclusively the Western diamondback or the prairie rattler. 

Our current management is immediate exploration and decompression 
because in the past approximately one quarter of our patients required 
subsequent decompression after antivenin treatment, which was consic- 
ered a fai_ure. 

This slide shows an 11-year-old who had received eight vials of antiv- 
enin in another institution, came in with a cold, insensate leg and required 
extensive debridement, which we closed a week later. And the chilc, 
again, has no significant disability. 

I do not know an end point for the use of antivenin. One of our 
emergency room physicians regionally uses 100 to 125 vials of antivenin 
for significant envenomation. That’s $10,000 to $12,000, which I find 
intriguing, to say the least. 

I would ask Dr. White, if you do decide to use the antivenin, what’s 
your end point? 


DR. TIM PENNELL (Winston-Salem, North Carolina}: Drs. White and 
Weber have undertaken another good approach in attempting to answer 
the very fundamental yet frustrating question of when to use antivenin. 
It remains a controversial issue, as we have learned in this discussion, 
and indeed indicators are needed. The authors make three very good 
points in their manuscript. (1) Antivenin is not a benign mode of treat- 
ment. (2) All poisonous snakes and snake bites, even occurring in the 
same genus, are not equal. Incidentally those of us who are confronted 
with managing such injuries should be mindful that 20% of all pit viper 
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bites do not result in any envenomation. (3) The use of antivenin should 
be based on the degree of systemic envenomation and as presented. 
predictors of this are age and size of the patient and snake type and size. 
Of course the unknown factor is the dose or amount of venom that is 
injected and this can be measured accurately only on the basis of clinical 
response. Furthermore one must take into consideration the basic health 
status of the victim in connection with these other factors. 

If we combine and compare this series with ours reported in 1986 and 
now containing 119 patients, the distribution of type of snake and results 
remain the same. Our sertes is dominated by copperhead bites, whereas 
the Scott-White clinic experience is predominated by rattlesnakes. They 
are faced with the famous rattlesnake round-up in their area. Even with 
this variation, we both are stressing that copperhead and cottonmouth 
bites, even with envenomation, rarely if ever require the use of antivenin. 

One final point, which is often overlooked, and then a question. The 
person who sustains a poisonous snake bite either because of where they 
live, their vocation, or hobbies and outdoor activities, usually returns to 
the same or similar locations. They are, therefore, at increased risk for 
subsequent snake bites. We should not sensitize these people with the 
inappropriate use of horse serum-based antivenin. I would be most in- 
terested ifany of the patients in this series sustained more than one snake 
bite or strike on different occasions. 


Dr. JON BURCH (Houston, Texas): As mentioned by the authors of 
this paper, we do not use and have not used antivenin at the Ben Taub 
Hospital, although admittedly most of our patients have suffered from 
bites of the copperhead. However we have had some serious bites, and 
we have preferred to treat those with the more commonly used methods 
of the modern intensive care unit, including careful observation and 
timely intervention based on the patient’s condition. 

I would like to ask two questions of the authors. Were any blood 
products used to treat coagulopathies that occurred in patients who were 
treated with antivenin? Was there any evidence that patients treated with 
antivenin had less tissue necrosis than those who were not? 


Dr. WAYNE SCHWESINGER (San Antonio, Texas): Obviously some 


of these questions are becoming repetitive. I want to remind those of . 


you left in the audience, however, that when controversies persist in 
surgery, One approach to answering those controversies is to go back to 
the laboratory. 

That brings to mind the fact that a resident recently conducted a study 
in our laboratory on this very issue. Dr. Ron Stewart developed, validated, 
and then studied a hind-limb rabbit model of a fixed-dose diamondback 
rattler envenomation and noted that, in fact, the use of antivenin was 
associated with decreased swelling, improved survival, and retention of 
muscular activity when compared to either no specific treatment or the 
use of wide debridement. 

So it appears that antivenin then would be justified in patients not 
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only with severe systemic illness but would also be justified in those 
patients who had severe envenomation but no severe systemic illness. 
That is, a patient such as the one who has extremity injury or enven- 
omation with massive swelling but no systemic signs. Furthermore it is 
suggested by this data that preservation of muscle function can be achieved 
by the administration of antivenin alone. 

So the question would be then, first, do the authors feel that the ad- 
ministration of antivenin may result in preservation of muscle function 
and, therefore, would be justified in that special circumstance? 

I am also interested in the fact that the rate of anaphylaxis was so 
high. In point of fact, an anaphylaxis rate in excess of 40% is much higher 
than that reported by other authors who cite rates of 1% to 10%. Is there 
a reason for this? Is the rate changing in the more recent time interval? 

I applaud the authors’ use of conservative therapy and antivenin and 
the avoidance of massive debridements. 


Dr. ROBERT A. WEBER (Closing discussion): Talking about antivenin 
use is Often like trying to answer the question whether Miller Lite beer 
tastes great or is less filling. With the comments we have received this 
afternoon, I find that this indeed holds true. 

We view the treatment of snakebites as involving in two areas, local 
injuries and systemic involvement. We think a local treatment, surgical 
excision of the bite wound, is best suited for the management of local 
tissue damage. 

While laboratory results tend to indicate that antivenin reduces local 
tissue injury when given soon after the snakebite, we feel the high com- 
plication rate associated with the antivenin does not justify its routine 
use in all circumstances. For systemic involvement, however, there is 
little question that antivenin seems to ameliorate the effects of enven- 
omation. For this reason we use antivenin if and only if systemic in- 
volvement is present. 

The question was raised regarding our rate of anaphylaxis. An article 
by Jurkovitch in the Journal cf Trauma reported that 23% of his patients 
demonstrated an acute hypersensitivity response and anaphylactic shock, 
and 50% had serum sickness. Another paper reported an overall com- 
plication rate of 29%. Our numbers are consistent with the literature. 

Dr. Pennell asked if we are seeing patients who are bitten on more 
than one occasion. We are. One of the first patients I treated was seen 
in the emergency room for anaphylactic shock. This was his third bite 
at a rattlesnake roundup, and this time he developed a severe hypersen- 
sitivity reaction to the snake venom. No antivenin had yet been given. 

Dr. Baker asked how much antivenin we give. We recommend 5 to 
10 vials at first, to be titrated to clinical response. l 

Dr. Burch asked if we use any blood products in the patients treated 
with antivenin. We used a total of 9 units of fresh frozen plasma and 6 
units of packed red cells to treat envenomation associated coagulopathies 
and bleeding in our patients. We feel the danger of AIDS and hepatitis 
associated with the transfusion of blood products outweighs the morbidity 
associated with antivenin, therefore, decreasing or avoiding the use of 
blood products by using antivenin is advantageous to the patient. 

Thank you for the opportunity to present our data for discussion. 
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In severe traumatic injuries to the lower extremity, it is often a 
difficult decision to attempt heroic efforts aimed at limb salvage 
or to amputate primarily. To answer this question, the authors 
performed a 5-year review of 70 limbs in 67 patients. Patients 
were identified as presenting with major lower extremity trauma 
and an associated arterial injury. Nineteen (27%) of the 70 limbs 
were amputated. Limb salvage was not related to the presence 
or absence of shock and order of repair (orthopedic or vascular). 
No statistical difference was noted between the time of injury to 
operative repair in either the amputated or limb salvage group. 
Limb salvage was related to warm ischemia time and the quan- 
titative degree of arterial, nerve, bone, muscle, skin, and venous 
injury. A limb salvage index (LSI) was formulated based on the 
degree of injury to these systems. All 51 patients with an LSI 
score of <6 had successful limb salvage (p < 0.001). All 19 
patients with an LSI score of 6 or greater had amputations (p 
< 0.001). Although statistics cannot replace clinical judgment, 
this index can be a valuable objective tool in the evaluation of 
the patient with a severely traumatized extremity. 


EVERE TRAUMATIC INJURIES to the lower extrem- 

ities have proven to be a profound challenge to the 

surgeon. With the high incidence of multiple sys- 
tems involved (integument, nerve, bone, and vascular 
structures), these injuries require a multidisciplinary ap- 
proach for appropriate management. With multiple sur- 
gical specialties represented in the care of these patients, 
the General/Trauma surgeon usually assumes the role of 
team leader. Complex decisions inevitably center around 
whether to attempt heroic efforts aimed at limb salvage 
or to proceed with primary amputation. Ongoing ad- 
vances in on-scene trauma management, vascular recon- 
struction, microsurgical techniques, skeletal fixation, an- 
tibiotic therapy, and air ambulance systems have fre- 
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quently led to more aggressive attempts at limb salvage 
in an otherwise doomed extremity. Sometimes “success- 
ful” reconstruction takes place, only for the patient to 
have severe functional deficits that ultimately lead to sec- 
ondary amputation. This may not occur until months 
after exhaustive efforts by both patient and surgeon to 
save a limb. The debts incurred by these patients may 
be overwhelming, and financial obligations may never 
be met. 

The objective of this study was to identify variables 
that may ultimately influence the outcome of a severely 
traumatized extremity with arterial compromise. This 
presumably would assist the surgeon in the initial decision- 
making process about whether to pursue extensive recon- 
struction efforts. 


Patients and Methods 


During a 5-year period from 1985 to 1990, 67 patients 
presented to Erlanger Medical Center, Chattanooga, Ten- 
nessee with 70 limbs having sustained major lower ex- 
tremity arterial injury. Of the 70 limbs, 51 (73%) were 
salvaged and 19 (27%) sustained either primary (11), sec- 
ondary (6), or functional (2) amputation. A limb was des- 
ignated as a functional amputation if successful revas- 
cularization and wound healing occurred only to have a 
useless, nonfunctional extremity without weight-bearing 
ability, and with absence of motor and sensory function. 
The reasons for failure were analyzed in those limbs for 
which limb salvage was attempted, as well as the extent 
of injury in those limbs for which primary amputation 
was performed. 


474 RUSSELL AND OTHERS 





O42zmM—4>P0 # 
[pe] 
(a) 





0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 


Fic. 1. Age of patients at time of accident (in years). 


The average age of patients in this series was 31.9 years 
(range, 9 to 76 years) (Fig. 1). The mean age of those that 
required amputation was 33.5 years (range, 9 to 76 years), 
with one patient having bilateral amputations. There were 
50 male and 17 female patients in the study group. The 
mechanisms of injury and amputation rates are listed in 
Table 1. 

Pedal pulse deficits were documented in 36 limbs on 
arrival to the emergency room. Eighteen patients pre- 
sented in shock, with a systolic blood pressure less than 
90 mm Hg on arrival to the emergency room. Bone in- 
juries were present in 51 limbs, muscle injuries in 57 limbs, 
and integument injuries in all imbs. Concomitant venous 
injury was present in 35 limbs. Nerve injuries were iden- 
tified in 31 limbs. The mean interval from injury to the 
initiation of surgical intervention for the limb salvage 
group was 4.6 hours; in the amputated group, 5 hours. 
Combined vascular and orthopedic repair was undertaken 
in 29 limbs. Fasciotomy was performed in 22 patients. 

This study specifically excludes limbs that were am- 
putated in the field. The indications for reimplantation 
of these limbs has been established. !? When appropriate, 
data was submitted to statistical analysis using the Fisher’s 


TABLE 1. Mechanism of Injury and Amputation Rates 


Type No. Limbs Salvaged Amputated 
Total Blunt 35 17 (49%) 18 (51%) 
MVA 21 13 (62%) 8 (38%) 
Fall 3 2 (67%) 1 (33%) 
Avulsion 4 1 (25%) 3 (75%) 
Crush 7 1 (14%) 6 (86%) 
Total Penetrating 35 34 (97%) 1 (3%) 
HVGSW 3 2 (67%) 1 (33%) 
LVGSW 21 21 (100%) 0 
SGW 3 3 (100%) 0 
Stab 6 6 (100%) 0 
Laceration 2 2 (100%) 0 


MVA, motor vehicle accident; HVGSW, high-velocity gunshot wound; 
LVGSW, low-velocity gunshot wound; SGW, shot gun wound. 


Ann. Surg. * May 1991 


TABLE 2. Injury Level, Salvage, and Amputation Rates 


Artery No. Injuries Salvage Amputation 
Common femoral l 1 (100%) 0 
Superficial femoral 21 15 (71%) 6 (29%) 
Profunda femoris 3 3 (100%) 0 
Popliteal 17 11 (65%) 6 (35%) 
Infrapopliteal 29 22 (76%) 7 (24%) 


exact probability test, chi square analysis, and Student’s 
t test. 


Results 


Injuries were seen in the common femoral (1), super- 
ficial femoral (21), profunda femoris (3), popliteal (17), 
and infrapopliteal (29) arteries. One patient had injuries 
to both popliteal and infrapopliteal vessels. The level of 
injury, limb salvage, and amputation rates are shown in 
Table 2. 

Thirty-six of seventy patients had documented pedal 
pulse deficits on arrival to the emergency room. Twenty- 
one (58%) limbs were successfully revascularized and sal- 
vaged; 15 (42%) limbs were amputated. Two of the fifteen 
amputated limbs had prolonged ischemia; one greater 
than 6 hours, the other greater than 15 hours. Eighteen 
(26%) patients presented in shock, with six patients ulti- 
mately requiring amputation, and 12 having successful 
limb salvage (p > 0.05). Thirty limbs presented with doc- 
umented sensory or motor deficits in the emergency room. 
Operative findings showed 31 nerve injuries, including 
sciatic (10), combined common peroneal and tibial (11), 
tibial alone (2), common peroneal alone (5), and femoral 
(3) (Table 3). All 19 limbs amputated had nerve injuries, 
including sciatic (7), combined common peroneal and 
tibial (10), and common peroneal alone (2). 

Bone injuries were identified in 51 limbs, 22 of which 
were of the Gustilo type III-C. This type of injury was 
described in 1984 as having an open unstable fracture, 
massive soft-tissue trauma, gross contamination, perios- 
teal stripping, and associated vascular injury requiring 
surgical repair. Thirteen (59%) of the 22 type III-C frac- 


TABLE 3. Nerve Injury, Salvage, and Amputation Rates 


No. 
Nerve Injuries Salvaged Amputation 

Sciatic 10 3 (30%) 7 (70%) 
Combined common 11 1 (9%) 10 (91%) 

peroneal and 

posterior tibial 
Posterior tibial 2 2 (100%) 0 
Common peroneal 5 3 (60%) 2 (40%) 
Femoral 3 2 (67%) 1 (33%) Associated 


sciatic nerve 
injury 
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TABLE 4. Associated Injuries—Amputated 
Type of Injury Amputations (n = 19) 
1. Vascular-arterial 19 (100%) 
2. Vascular-venous 16 (84%) 
3. Bone 19 (100%) 
Type III-C 13 
4. Nerve 19 (100%) 
5. Muscle 19 (100%) 
6. Ischemia > 6 hours 2 (11%) 
7. Integument 19 (100%) 
Requiring STSG or flap 17 





STSG, split-thickness skin graft. 


tures were amputated. All patients with a type III-C frac- 
ture and amputation had associated complete disruption 
of either the sciatic or tibial nerve (p < 0.001). Three 
amputated limbs had segmental bone loss greater than 3 
cm, two had closed fractures, and a single patient had an 
open comminuted displaced fracture. In the limb salvage 
group, 25 patients presented with open fractures (type III- 
C [9]), and seven patients had closed fractures (two pos- 
terior knee dislocations). None of the patients with a type 
III-C fracture in this group had an associated nerve injury. 
Muscle injuries were present in 57 limbs. All extremities 
evidenced skin loss, with 26 limbs injured to the extent 
that split-thickness skin graft or flap repair would be re- 
quired. Of those 26 limbs, nine were salvaged. | 

The mean time of injury to operative repair was 4.6 
hours for the limb salvage group, and 5 hours for the 
amputated group (p > 0.05). 

Combined vascular and orthopedic repair was under- 
taken in 29 limbs. Vascular repair preceded orthopedic 
repair in 23 patients (limb salvage, 19; amputated, four). 
Orthopedic repair preceded vascular repair in six patients 
(limb salvage, five; amputated, one). Those differences 
were not statistically significant (p > 0.05) Fasciotomy 
was performed in 22 patients (limb salvage, 19; ampu- 
tated, 4). Concomitant venous injury was present in 35 
limbs, of which primary amputation occurred in 8, and 
secondary or functional amputations in 8. Four of the 
eight patients with secondary or functional amputations 
had associated venous injury (three repaired, one ligated). 
Of those patients in whom limb salvage was achieved, 


TABLE 5. Associated Injuries—Limb Salvage 





Type of Injury Limb Salvage (n = 51) 
1. Vascular-arterial 51 (100%) 
2. Vascular-venous 19 (37%) 
3. Bone 32 (63%) 
Type III-C 9 
4. Nerve 12 (23%) 
5. Muscle 38 (75%) 
6. Ischemia > 6 hours 8 (16%) 
7. Integument 51 (100%) 
Requiring STSG or flap 9 





STSG, split-thickness skin graft. 
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eight patients had ligation of infrapopliteal veins with no 
long-term sequelae. Twelve patients had either popliteal 
or superficial femoral venous injury, and all were repaired 
except four (one popliteal, and three femoral). Only three 
had mild edema at discharge (femoral vein group). 

Associated injuries in the salvaged and amputated 
groups are shown in Tables 4 and 5. 


TABLE 6. Limb Salvage Index Scoring System 





Location Points Extent of Injury 





Artery 0 Contusion, intimal tear, partial laceration or 
avulsion (pseudo-aneurysm) with no distal 
thrombosis and palpable pedal pulses; complete 
occlusion of one of three shank vessels or 
profunda. 

l Occlusion of two or more shank vessels, compiete 
laceration, avulsion or thrombosis of femoral or 
popliteal vessels without palpable pedal pulses. 

2 Complete occlusion of femoral, popliteal, or three 
of three shank vessels with no distal runoff 
available. 

Contusion or stretch injury; minimal clean 
laceration of femoral, peroneal, or tibial nerve. 

| Partial transection or avulsion of sciatic nerve: 
complete or partial transection of femoral, 
peroneal, or tibial nerve. 

2 Complete transection or avulsion of sciatic nerve: 
complete transection or avulsion of both 
peroneal and tibial nerves. 

Closed fracture one or two sites; open fracture 
without comminution or with minimal 
displacement; closed dislocation without 
fracture; open joint without foreign body; fibula 
fracture. 

l Closed fracture at three or more sites on same 
extremity; open fracture with comminution.or 
moderate to large displacement; segmental 
fracture; fracture dislocation; open joint with 
foreign body; bone loss < 3 cm. 

2 Bone loss > 3 cm; Type III-B or III-C fracture 
(open fracture with periosteal stripping, gross 
contamination, extensive soft tissue injury-loss). 

Clean laceration, single or multiple, or small 
avulsion injuries, all with primary repair; first 
degree burn. 

l Delayed closure due to contamination; large 
avulsion requiring STSG or flap closure. Seeond 
and third degree burns. 

Laceration or avulsion involving a single 
compartment or single tendon. 

l Laceration or avulsion involving two or more 
compartments; complete laceration or avulsion 
of two or more tendons. 

2 Crush injury. 

Deep Vein 0 Contusion, partial laceration, or avulsion; complete 
laceration or avulsion if alternate route of 
venous return is intact; superficial vein injury. 

l Complete laceration, avulsion, or thrombosis with 
no alternate route of venous return. 


Nerve 0 


Skin 0 


Muscle 0 


Warm Ischemia 


Time 0 <6 hours 
l 6-9 hours 
2 9-12 hours 
3 12-15 hours 
4 >15 hours 





STSG, split-thickness skin graft. 
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LSI <6 - All Salvaged 9 
LSI >6 - All Amputated 
Students t-test - (P.001) 


Mann Whitney U Test - (P<.001) 
Pearson Correlation Coefficient - r = .8759 


A limb injury index was developed based on skin injury 
(0 to 1 points), muscle injury (0 to 2 points), bone injury 
(0 to 2 points), nerve injury (0 to 2 points), vein injury 
(0 to 1 points), arterial injury (0 to 2 points), and length 
of warm ischemia time (0 to 4 points) (Table 6). 

Seventy limbs were scored with the limb injury index. 
All patients with scores less than 6 had limb salvage 
achieved. All 19 in the amputated group had scores of 6 
or greater (Student’s t test: t = —14.97 [p < 0.001], Mann- 
Whitney U Test [p < 0.001], Pearson correlation coeff- 
cient [r = 0.8759] [Fig. 2]). Three cases are presented to 
further illustrate the use of the limb salvage index. 


Case Reports 
Case 1 


A 19-year-old man involved in a hunting accident was shot with a 30- 
06 rifle in the right lower extremity at the level of the trifurcation. The 
patient had massive soft tissue loss, avulsion of the posterior tibial and 
common peroneal nerves, transection of the trifurcation vessels with 
thrombosis of the distal popliteal artery, transection of two tibial veins, 
and an open-comminuted displaced fracture of the proximal tibia and 
fracture through the femoral condyle (Fig. 3). On arrival to the emergency 
room, warm ischemia time was documented to be & hours 15 minutes. 
The patient was taken to the operating room, where a multidisciplinary 
team approach was used. Revascularization of the foot was achieved, 
external fixation of fractures accomplished, and wounds were initially 
packed open because of contamination. The patient remained hospital- 
ized for 52 days. He underwent surgery on four occasions by the or- 
thopedic service, and on two occasions by the plastic surgery service, the 
last of which was a flap closure of his wounds. Over the next 18 months, 
the patient was hospitalized on four occasions for bony non-union, de- 
velopment of osteomyelitis, and partial flap failure. Throughout this 
period, the patient had what is designated as a functional amputation. 


NO. OF PATIENTS 
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FIG. 2. Limb salvage index 
distribution. 
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FIG. 3. Rifle injury resulting in a complete occlusion of the distal popliteal 
artery with collateral flow around the knee. Comminuted-displaced frac- 
ture of the proximal tibia. Note the presence of soft-tissue air. 
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Approximately 20 months after initial injury, the patient was returned 
to the operating room and underwent an above-knee amputation because 
of bony non-union and an insensate foot with absence of motor function. 
The patient was ambulating on a prosthesis in 2 months, and had returned 
to work in 3 months. His limb salvage index score was 8. 


Case 2 


A 21-year-old woman involved in an industrial accident was gored by 
a forklift through the right thigh, resulting in a massive degloving-type 
soft tissue injury, a comminuted open femur fracture, and an avulsion 
of her superficial femoral artery and vein (Figs. 4 and 5). Warm ischemia 
time was less than 6 hours. She was also noted to have a right inferior 
ramus fracture of the pelvis. The patient was taken to the operating 
room, where a multidisciplinary team approach was used. She had flow 
restored to the distal extremity initially with indwelling vascular shunts 
and stabilization of the femur fracture with external fixation. The sciatic 
nerve was explored and noted to be contused but intact. A reverse sa- 
phenous vein graft was used both for the arterial and the venous repair. 
The graft was covered and the wound was left open. The patient was 
returned to the operating room on three occasions for irrigation and 
debridement. The third operation included internal fixation of the femur, 
reapproximation of soft tissues, and a split-thickness skin graft. The pa- 
tient was hospitalized for 36 days, and ambulated with a walker on hos- 
pital day 30. Seven months after her initial hospitalization, a follow-up 
examination showed that all wounds had healed. She was ambulating 





FIG. 4. Avulsion of the superficial femoral and profunda femoris arteries 
as a result of being gored by a forklift through the proximal thigh. 
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FIG. 5. Arteriogram showing absence of flow through the superficial fem- 
oral artery with sparse collateralization. Proximal displaced femur fracture 
with bone fragment noted distal to the fracture site. 


without assistance and had returned to nursing school. The patient’s 
limb salvage index score was 5. 


Case 3 


A 15-year-old girl sustained a crush injury to the left lower extremity 
and distal tibial region when she was hit by a truck. She presented with 
a partial amputation of the left lower extremity with segmental bone loss 
of approximately 5 cm, avulsion of the common peroneal and posterior 
tibial nerves, avulsion of all infrapopliteal vessels, a degloving injury to 
the skin, and crush injury to the muscle with tendon involvement at the 
ankle (Fig. 6). She was 12 weeks pregnant. Orthopedic and plastic surgery 
attempted a combined repair. She had repair of the posterior tibial neu- 
rovascular bundle using microsurgical techniques, including bone short- 
ening with application of an external fixator (Fig. 7). A fasciotomy of 
the foot was performed. Her wounds were packed open, and she remained 
in the intensive care unit for 5 days. She returned to surgery on three 
occasions for irrigation and debridement. The limb was declared non- 
viable by the fifth postoperative day. She underwent a below-knee am- 
putation on the seventh postoperative day, and was discharged 4 days 
later. She was ambulating on a prosthesis 2 months later. The patient’s 
limb salvage index score was 9. 
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FIG. 6. Splint has been applied; however note the comminuted fracture 
of the distal tibia with marked bone loss just proximal to the ankle. 


Discussion 


In developing the limb loss index, we did not want to 
burden the surgeon with one more scale to use in the 
assessment of a trauma patient. We believe, however, that 
we have developed a guide for accurately evaluating 
trauma to the lower extremity, taking into consideration 
the systems involved and the degree of severity of injury 
to these systems. This index can assist the surgeon in 
making a decision as to the viability of an injured limb 
and the likelihood of success in salvaging the limb. 

Amputation rates associated with traumatic arterial in- 
juries range from 20% to 50%.^ In this series the am- 
putation rate in severely traumatized extremities was 27%. 
Blunt injuries carried a higher amputation rate, with 18 
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(51%) of 35 limbs amputated, as compared with pene- 
trating trauma, where only one (3%) of 35 limbs required 
amputation (p < 0.001). Of those patients with blunt in- 
juries, the most severe were crush/avulsion injuries, in 
which nine (82%) of 11 patients ultimately had limbs am- 
putated (p < 0.03). Of the variables identified to predict 
limb salvage, there was no difference between the amputee 
group and limb salvage group when we looked at the pres- 
ence or absence of shock, the time of injury to operative 
repair, or the order of vascular and orthopedic repair. We 
did find that the absence of pedal pulses on arrival, in 
association with the severe soft tissue, bone, and nerve 
injuries seen in these extremities, was more indicative of 
a poor outcome than when pulses were present with this 
type of injury. 

Only one patient in this series presented with a pedal 
pulse deficit and prolonged ischemia for more than 12 
hours. This patient ultimately required amputation after 
limb salvage was attempted. To save an extremity, it is 
imperative that there be early recognition of arterial injury. 
Miller and Welch® have documented in a canine model 
a salvage rate of greater than 90% with ischemic periods 





FIG. 7. The bone has been shortened and external fixator applied to 
stabilize the ankle. 


Voi. 213 » No. 5 


of less than 6 hours. His limb salvage rates were less than 
50% with ischemia of greater than 12 hours. The impor- 
tance of this variable in the traumatized extremity and its 
potential for poor outcome with prolonged ischemia is 
emphasized in our limb salvage index (0 to 4 points). 

Peripheral nerve injuries were present in all patients in 
the amputated group. Ninety-five per cent of limbs that 
were amputated had complete transection or avulsion of 
the sciatic, tibial, or peroneal nerve. The association of 
permanent nerve deficits with ultimate amputation 1s-well 
documented.ć?-!5 The most severe deficits are those as- 
sociated with sciatic injuries at the level of the hip with 
denervation of the hamstrings, tibial, and common pe- 
roneal nerves, leading to 100% limb disability.'* The next 
most severe is a complete tibial nerve injury at the level 
of the knee, which is associated with a 60% to 70% limb 
disability.!* Recognition of a posterior tibial nerve injury 
is particularly important, as it leads to the loss of plantar 
sensation, paralysis of intrinsic foot musculature, and fre- 
quently to neuropathic ulcerations. !?"}> 

Severe bone injuries to the lower extremities have dev- 
astating consequences. In 1969 Gustilo designated com- 
pound fractures as types I, II, and III.!° In 1984, Gustilo 
et al.? further subdivided type III injuries into I-A, II- 
B, and III-C, based on the injury and the order of wors- 
ening prognosis. The severity of a type III-C fracture alone 
is reflected by amputation rates that range from 42% to 
78% 3,17 

Twenty-two limbs in this series had Type IIJ-C fractures, 
13 (59%) of which ultimately required amputation, and 
nine (41%) of which were salvaged. The difference in am- 
putation rates was a function of associated nerve injury 
with this severe type of fracture. All patients undergoing 
amputation with a type IJI-C fracture had complete dis- 
ruption of either the sciatic or tibial nerves. This empha- 
sizes the potential for poor outcome with these types of 
injuries, especially in combination with extensive nerve 
injury. Absolute indications for primary amputation with 
type III-C injuries have been proposed by Lange et al.!8 
and supported by Caudle and Stern.’ This series does 
support the indication for primary amputation of type 
HI-C injuries in association with irreparable tibial nerve 
injury. 

The timing of vascular repair and stabilization of var- 
ious orthopedic injuries remains controversial. Many au- 
thors have stressed the importance of initial fracture sta- 
bilization followed by vascular repair to prevent possible 
disruption of a vascular anastomosis during fracture sta- 
bilization.!*?! Others have advocated the use of shunts 
for peripheral arterial injuries to reestablish blood flow to 
the distal extremity, followed by fracture stabilization and 
then definitive vascular repair.'”?*-*4 Although our study 
did not show a difference in outcome with regard to the 
order of repair, it is our senior author’s recommendation 
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that one proceed with vascular repair or shunting to re- 
establish perfusion to the affected extremity before fracture 
stabilization. The general/vascular surgeon should remain 
involved in the procedure to protect or revise the vascular 
repair and assure adequate soft tissue coverage of the repair 
after fracture stabilization. 

Perry et al.?>° have clearly defined the pathophysiology 
of compartment syndromes. The indications for fasciot- 
omy are well documented in the literature.?’-?° In this 
series fasciotomy was performed in 17 (33%) of 51 patients 
who had limb salvage achieved and in five (63%) of eight 
patients with either secondary or functional amputation. 
Although these numbers appear small, they do not include 
the majority of patients who presented with self-induced 
fasciotomy as a result of their injury. Vitale et al.°° have 
shown fasciotomy to be a safe adjunctive procedure in 
limb salvage with very little morbidity. All extremity in- 
juries of this magnitude should have some type of com- 
partmental release to allow for expansion of the respective 
tissues. 

Many stress the inherent risk of amputation with an 
arterial injury below the knee.?!~*? Howe et al.?! empha- 
sized this in their system for scoring arterial injuries, with 
an amputation rate of 80%. A cumulative amputation 
rate of 18% has been noted in various reports of infra- 
popliteal injuries.**7*-7’ In this series the risk of ampu- 
tation after infrapopliteal injury closely approximates that 
previously reported, with seven (24%) of 29 infrapopliteal 
injuries ultimately leading to amputation. We did find, 
in those seven extremities with infrapopliteal vascular in- 
juries, multiple associated injuries. We found that the de- 
gree of total injury to the extremity correlates with the 
potential for amputation to a greater extent than did the 
level at which arterial injury occurred alone. 


Summary 


Based on the analysis of 70 lower extremity injuries 
involving multiple systems, a limb salvage index was de- 
rived. By careful initial and operative evaluation of vas- 
cular, nervous, bone, soft tissue, and venous systems, as 
well as warm ischemia time, it was possible to more closely 
predict limb salvage. 

Amputation, although never the primary goal of the 
physician, may well be the procedure of choice in some 
cases. By proceeding with primary or early secondary am- 
putation, it is often possible to quickly return a healthy 
productive individual back to society rather than have the 
patient suffer from a chronic nonfunctional state. 

Although surgeons tend to become enamored of tech- 
nical advances in the provinces of the surgical subspe- 
clalties, we must remain cognizant of the overall long- 
term result to the patient. The patient may be better served 
with a primary amputation, as failure in this setting may 
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- induce serious psychological and financial hardships on 
the patient and his family. 

Absolute indications for amputation from this study 
include (1) a patient with a limb salvage index of 6 or 
greater (p < 0.001), and (2) a patient with Gustilo type 
IU-C fracture with associated nerve injury (p < 0.001). A 
relative indication is a patient with a severely traumatized 
extremity and associated sciatic or tibial nerve injury. 

Numbers cannot replace clinical judgment. This index 
can be a valuable objective tool, however, in the evaluation 
of the patient with a severely traumatized extremity. By 
more accurately identifying the patient who would most 
benefit from “heroic” multispeciality efforts, the surgeon 
can assure a more proper outcome and appropriate use 
of resources. 
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The average age of these patients was 3! years; therefore one would 
anticipate, for the most part, that the vascular system could be revas- 
cularized. There should not be a great deal of atherosclerosis. 

Early in my limb replantation experience I made the mistake of re- 
planting a lower limb in a patient who had it blown off by an explosion 
of acetylene and oxygen. The limb survived, but he ended up with an 
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anesthetic post and eventually, some years later, it was necessary to do 
an amputation. It was very difficult for him, for the family, and for me. 

What Dr. Russell and his colleagues have brought to us is a reflection 
of what Ben Eiseman said sometime ago: we need to assess the extent 
of the trauma and avoid prolonged debilitating physical and financial 
burdens on the family and the patients. 

I worry about the basis of the scoring system. It is qualitative rather 
than quantitative. It is quite clear that major motor nerve injury, and 
perhaps even more important, the failure to retrieve the protective reflexes, 
leaving an insensate extremity that cannot be protected from harm, leads 
to a bad result. The combination of bone and nerve was predictive in 
this study. . 

The amount of soft-tissue damage and the loss of integument are 
important, but it is hard to qualitate those things. Despite the good basis 
for the prediction, there are no hard data yet. 

I have other concerns: ‘Will the busy surgeon spend time with a com- 
plex scoring system?’ It appears that you have identified several predictors, 
particularly the combination of major bone and nerve, which might 
allow you to streamline the system. I must confess that I have some 
doubt about scoring indexes, although the trauma index has proved to 
be useful. I think that this needs to be studied. I would hope that you 
could streamline it a bit, because at present I’m not sure that most people 
would use it. 


DR. DAVID RICHARDSON (Louisville, Kentucky): As our colleagues 
in orthopedic and plastic surgery have become more skilled and aggressive, 
as they mention, we often find ourselves as team leaders in a position 
of not knowing when to stop trying to save an extremity. I think the 
authors’ method, whether we use it completely in toto, certainly lends 
credence to the fact that there are extremities that simply can not be 
saved in a useful way. 

In 1986 we reported on 37 amputations after trauma and used a four- 
point grading system to dictate the need for early amputation. And many 
of the points are very similar to what the authors use. We found in our 
grade | and grade 2 injuries, which basically would give you a number 
less than six, using their system, that only one amputation was required— 
and that was for a delayed infection—of about 70 patients treated in 
those categories. 

However in our grade 4 injuries, using the classification system there, 
which included vascular injury, bony injury, and either a major soft- 
tissue or nerve injury, we had 17 patients who required completion am- 
putation or had an immediate amputation. 

More importantly, though, of the 13 extremities with which we went 
to great lengths using a multimodality approach to try to save the ex- 
tremity, 11 of those were lost at some point, including several delayed 
amputations for nerve injuries, despite what, to look at it, seemed to be 
a fairly good salvage. 

All of our patients with nerve injuries of any significant degree even- 
tually required amputations. 

Are there some potential combinations of these six points where limbs 
might still be salvageable? In looking at it, I thought you could possibly 
come up to six and still have some extremities that might be worth 
saving. 

I also have a comment about the point you made about nerve injury. 
If you have a total transection of either sciatic or posterior tibial nerve, 
especially in combination with multiple other injuries, is that extremity 
really worth the significant effort? And then we still try to be very ag- 
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gressive in patients who will require an above-knee amputation, simply 
because I think that our ability to rehabilitate that patient 1s not so gooc. 
Does the level of amputation enter into the decision about whether t3 
move to an early amputation? 


Dr. RICHARD FIELD (Centerville, Mississippi): We are seeing more 
and more trauma. A limb salvage index is something that will be useful 
to us, something we can put on our emergency room doors, we can put 
in our heads, and it will give us some idea or some standard to go by to 
salvage limbs. 

You know, in days gone by, the question would be “Can we or can 
we not save this extremity?’ And a lot of times it was—most of the time 
it was a relatively easy problem. But now we can save nearly every ex- 
tremity that we see. 

As David Richardson just said, we have this multimodality approach 
and we can save every limb up in the 90th percentile. But the question 
is, and I turn your focus for a minute, what about the philosophical 
approach. Are we really doing anything to help this individual? And I 
think all of the discussants, including Bill Russell, are all questioning 
the quality of limb and the quality of gait and the quality of life with 
which we are leaving this individual. 

One of the dangerous problems that I would direct your attention to 
now is tke multimodality, multispecialty approach. When we get the 
neurosurgeons, the orthopedists, the general surgeons, and the vascular 
surgeons involved, who will decide if this limb, which we can obviously 
save, will be a worthwhile extremity for the individual or will it become 
a painful financial and psychological burden for the remainder of the 
patient’s life, who would have been better served by an amputation. 


`” Dr. W. L. RUSSELL (Closing discussion): Dr. Perry I agree this issue 
certainly needs more study. We are continuing to look at this in a more 
perspective manner, and I think there are some areas in which we can 
streamline our index. This really was our attempt with a large enough 
patient base to try to make some sense of this group of patients. 

Dr. Richardson I am sure there is some potential combination that 
would achieve a score of six. The major nerve injury seems to te a 
determining factor. In the absence of such, ischemia greater than 6 hours, 
for example, could produce a total of six other systems injured and still 
result in a salvage. In our particular group of 70 patients, we did not 
achieve that. We came very close. We had one patient who had a score 
of five and missed a six by 20 minutes on her warm ischemia time. 

As far as the level of amputation, I think that there is no question but 
what a below-the-knee amputation is far preferable to an above-the- 
knee. 

And in our group of patients, we had 11 below-knee amputations and 
six above the knee. An effort certainly should be made to maintain that 
joint, if at all possible. 

Dr. Field we appreciate the insight you brought to us. We, too, agree 
that it is important to make a decision early. In talking to some of our 
rehabilitation experts, they tell us that it requires about 15% less energy, 
for example, for a patient to ambulate with a prosthesis than it does to 
ambulate with crutches and a functionless extremity. 

So there are a few other folks who are looking at this as well. 

Pd like to thank David Sailors who assisted significantly in the prep- 
aration of this paper. 
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The safety and efficacy of 7.5% sodium chloride in 6% dextran 
70 (HSD) in posttraumatic hypotension was evaluated in Hous- 
ton, Denver, and Milwaukee. Multicentered, blinded, prospective 
randomized studies were developed comparing 250 mL of HSD 
yersus 250 mL of normal crystalloid solution administered before 
routine prehospital and emergency center resuscitation. During 
a 13-month period, 422 patients were enrolled, 211 of whom 
subsequently underwent operative procedures. Three hundred 
fifty-nine patients met criteria for efficacy analysis, 51% of whom 
were in the HSD group. Seventy-two per cent of all patients 
were victims of penetrating trauma. The mean injury severity 
score (19), Trauma Score plus Injury Severity Score (TRISS) 
probability of survival, revised trauma scores (5.9), age, ambu- 
lance times, preinfusion blood pressure, and etiology distribution 
were identical between groups. The total amount of fluid admin- 
istered, white blood cell count, arterial blood gases, potassium, 
or bicarbonate also were identical between groups. The HSD 
group had an improved blood pressure (p = 0.024). Hematocrit, 
sodium chloride, and osmolality levels were significantly elevated 
in the Emergency Center. Although no difference in overall sur- 
vival was demonstrated, the HSD group requiring surgery did 
have a better survival (p = 0.02), with some variance among 
centers. The HSD group had fewer complications that the stan- 
dard treatment group (7 versus 24). A greater incidence of adult 
respiratory distress syndrome, renal failure, and coagulopathy 
occurred in the standard treatment group. No anaphylactoid nor 
Dextran-related coagulopathies occurred in the HSD group. Al- 
though this trial demonstrated trends supportive of HSD in hy- 
potensive hemorrhagic shock patients requiring surgery, a larger 
sample size will be required to establish which subgroups of 
trauma patients might maximally benefit from the prehospital 
use of a small volume of hyperosmolar solution. This study dem- 
onstrates the safety of administering 250 mL 7.5% HDS to this 
group of patients. 


| NTRAVENOUS INFUSION HAS been the mainstay of 


prehospital and emergency center management of 
postinjury hypotension for the last half of this cen- 
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tury.'"'? With the development of systems, of rapid pre- 
hospital transportation and trauma centers, however, the 
type, volume, and even value of prehospital fluid resus- 
citation have been challenged during the last decade.!3~!° 
In the civilian urban setting with short transport times 
and in the military setting with need to limit volume, 
weight, and amount of supplies and resupply routes, logic 
encourages development of a smaller-volume, but equal 
(or even superior) fluid resuscitation regimen. Smaller- 
volume infusions of hypertonic solutions have been the 
subject of both laboratory and clinical studies demon- 
strating increased plasma volume, increased cardiac work, 
increased microcirculation and decreased splanchnic re- 
sistance.'’°° The favorable results of pilot studies evalu- 
ating 7.5% sodium chloride in 6% dextran 70 have war- 
ranted a multicentered study enlisting a concurrent large 
number of patients with post-traumatic hypotension to 
prove the safety and value of such solutions.*'~“*° The pur- 
pose of the study reported herein was to evaluate the role 
of such solutions within the confines and limitations of 
the experimental design. 


Methods 
Experimental Design 


This was a multicenter, double-blind, randomized study 
in which hypotensive trauma patients received 250 mL 
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of either the treatment solution (7.5% NaCl in 6% dextran 
70) or a standard isotonic resuscitation solution (Plasma- 
Lyte®/Lactated Ringer’s/saline) as initial intravenous in- 
fusion. As with previous prehospital resuscitation studies, 
field entry criterion of an initial blood pressure equal to 
or less than 90 mmHg systolic was used.*°-* Three centers 
(Ben Taub General Hospital in Houston, Denver General 
Hospital, and Milwaukee County Medical Complex) and 
a total of 28 paramedic-staffed ambulances participated. 
Multiple centers were required because no single center 
could enroll a sufficient number of patients within the 
planned time span nor assure that blunt and penetrating 
injury would be observed with nearly equal frequency. 


All three study centers were verified as Level I Trauma 


Centers by the American College of Surgeons Committee 
on Trauma and were functioning as the regional trauma 
facility in their respective metropolitan areas. These cen- 
ters were selected not only because they had previously 
demonstrated the ability to provide standardized prehos- 
pital advanced life support, but also because of well-doc- 
umented standardized in-hospital trauma care. Each of 
the prehospital and hospital trauma services are under 
the direction of one of the co-investigators. Milwaukee 
County Medical Complex started recruiting patients ap- 
proximately 3 months after the Houston and Denver sites. 
Besides altitude and some minor differences in transport 
times, the only other difference among centers was the 
choice of ‘routine’ prehospital and emergency center re- 
suscitative fluids. Ben Taub Hospital used Plasmalyte A 
(Ringer’s Acetate); Denver General Hospital used normal 
saline, and Milwaukee County Medical Complex used 
Ringer’s Lactate. The study began in October 1987 and 
was concluded on November 19, 1988, with the enroll- 
ment of 424 patients. 


Patient Population 


Paramedics at the scene identified and enrolled in the 
study patients who met the following inclusion criteria: 
(1) 16 years of age or older, (2) victim of penetrating or 
blunt trauma within the last hour before randomization, 
and (3) initial field systolic blood pressure of 90 mmHg 
or less.*°-°8 Exclusions included (1) initial trauma score 
equal or less than 2, (2) revised trauma score equal or less 
than 1, (3) pregnancy, (4) history of seizures, coagulop- 
athy, liver or renal disease, or (5) patients in whom medical 
antishock trousers were applied. 


Patient Consent 


The patient, next of kin, or agent, in requesting emer- 
gency medical services on behalf of the patient, requests 
that appropriate, standard resuscitation and treatment 
measures be undertaken. This action implies a consent 
to treat. The hypotensive patient, especially if obtunded, 
is in no condition to comprehend or accept traditional 
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informed consent measures. In the time frame required, 
family members are often NOT present or in an appro- 
priate setting to fully understand or comprehend study 
protocols, let alone provide an informed consent to rou- 
tine treatment. Previous emergency medical service (EMS) 
and Trauma Center clinical studies have demonstrated 
the life-saving effect of invoking such implied consent 
when they rapidly administer both basic and advanced 
resuscitative measures, especially if those potentially 
valuable measures are added to already accepted methods. 
Such logic also has been applied to virtually all time-de- 
pendent prehospital, emergency center, and trauma center 
studies since the inception of the EMS concept in the 
early 1970s. Therefore because true informed consent 
cannot be obtained and because preclusion of the study 
for this reason would deny patients the benefit of a pc- 
tentially life-saving effect, an agreement to study with the 
scrutiny of institutional review boards and risk-monitoring 
assessments was accepted in all three institutions. 


Randomization/Technique of Blinding 


The randomization and blinding techniques were de- 
signed so as not to delay accepted emergency treatmen:. 
Ambulances enrolled in this study were supplied with 
consecutively numbered 250-mL bags containing a sterile 
solution of either Ringer’s lactate or 7.5% NaCl in 6% 
dextran 70 (2400 mOsm), supplied by Pharmacia (Pis- 
cataway, NJ). After initial vital signs were obtained, a 
250-mL bag of fluid was administered. Pharmacia tagged 
each bag with a five-digit randomization code. A postcard 
with this number, the sequence number, case form booklet 
number, and a patient identifier supplied by each research 
center was sent to an independent research coordinator 
at the time of use. Wasted, broken, or discarded bags were 
identified and recorded. Neither the paramedics, emer- 
gency center doctors/nurses, surgeons, or the center in- 
vestigators knew the bag contents until the end of the 
study, unless an adverse reaction mandated investigation. 


End Points 


Survival was the only primary end point and was as- 
sessed at 24 hours and 30 days (if possible). Secondary 
end points included: improvement in 24-hour physiologic 
status, reduced postinjury complications, decreased fluid 
volume resuscitation needs in the prehospital phase or in 
the emergency center, and safety of hypertonic saline/ 
dextran solutions (in the volume given) with regard to 
seizures, anaphylactoid reactions, and coagulopathies. 


Statistical Analysis 


The Dixon Statistical Associates (Los Angeles, CA) were 
contracted to collate the composite data as it was received 
from the three centers. This firm participated in formu- 
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TABLE 1. Summary of Epidemiologic Data 


HSD STD . 
Epidemiologic i 
Condition n % n % 
Etiology ` 
Penetrating 153 73 151 72 
Blunt 54 26 57 27 
Unknown 4 l 2 3 I 
Race 
White 51 28 36 21 
Black 71 39 77 44 
Other 62 34 62 35 
Males (% male) 184 83 175 85 
n Mean + SD n Mean + SD 
Age 182 34 + 12 172 33412 
Injury severity scare 184 19 + 13 175 9+ 15 
TRISS (Prob surv} 171 0.84 + 0.29 164 0.83 + 0.32 
Revised trauma score 
Preinfusion 172 5.98 + 1.61 165 5.93 + 1.75 
Emergency center 149 7.43 + 0.97 139 7.25 + 1.16 


HSD, hypertonic saline/dextran treatment group; STD, standard 
treatment group; TRISS, Trauma Index and Injury Severity Score; Prob 
surv, probability of survival; SD, standard deviation. 


lating the data collection: instrument and the prestudy 
statistics to optimize the entry, as well as analyses and 
interpretation of collected data. The study was initially 
designed to enroll 700 patients, to detect a change of 
+ 0.10 from a mean 24-hour survival of 75% at a signif- 
icance level of 0.05 and a power of 80%. This survival 
assumption of 75% in the control group was based on a 
similar study performed in an identical patient popula- 
tion.*® Treatment groups were compared using demo- 
graphic variables (age, sex, and race), ambulance response 
time, Revised Trauma Score, TRISS, Injury Severity 
Score, and vital signs. Survival functions estimated using 
life-table analysis were used to estimate 24-hour survivals. 
BMDP statistical software (Dixon Statistical Associates) 
was used for statistical computations. Descriptive statistics, 
t tests, chi square tests, analysis of variance, logistic 
regression, and survival analysis were performed using 
BMDP Programs. All probability values or any notation 
of statistical significance in this report were calculated in- 
dependently by the Dixon Statistical Associates and the 
values cited came from their calculations. 
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Results 
Patient Enrollment/Demographics 


Four hundred twenty-four patients were enrolled; 204 
from Ben Taub General Hospital (15 participating am- 
bulance units); 132 from Denver General Hospital (7 am- 
bulance units), and 88 from the Milwaukee County Med- 
ical Complex (6 ambulance units) (Tables 1 and 2). These 
424 patients were ‘intent to treat,’ in other words, assigned 
a bag of treatment solution. The identification on two of 
the treatment bags was lost, and 63 patients were excluded 
from the ‘efficacy’ analysis because they (1) did not receive 
a full 250 mL of blinded treatment solution (36 patients), 
(2) were found retrospectively not to meet inclusion/ex- 
clusion criteria (17 patients), or (3) were not followed 24 
hours or until death because of early transfer to another 
hospital (10 patients). The efficacy analysis is based on 
359 patients (84.7% of the total patients ‘intended to 
treat’). A separate analysis of the ‘intent to treat’ patients 
was made, and results did not differ from analysis of the 
‘efficacy’ patients. The availability of the ‘efficacy’ patient’s 
assessment of primary and secondary end points makes 
this group statistically complete and accurate. 


Patient and Injury Characteristics 


Seventy-two per cent of the patients suffered penetrating 
injury; of patients treated at Ben Taub General Hospital, 
88% had penetrating wounds; whereas 55% treated at 
Denver General Hospital had penetrating injury (Table 
2). This was a departure from the original research pro- 
jection of more blunt trauma patients at the Denver and 
Milwaukee sites. Seventy per cent of the blunt injuries 
were from motor vehicle accidents, and 12% were from 
auto—pedestrian accidents and falls. Eighty-two per cent 
of the patients were men, 24% were white, 43% black, 
and 33% were Hispanic or Oriental. The average age was 
34 years (Table 1). The average ISS was 19 in both groups, 
and the classic distribution of ISS for severely injured pa- 
tients was similar among centers, indicating a similar pa- 
tient inclusion mix (Table 3). The mean preinfusion re- 
vised trauma score was 7, and the mean preinfusion 
TRISS was 0:83 in both study groups, again demonstrating 
an almost identical patient mix. The mean probability of 


TABLE 2. Summary of Injury Data by Injury Type (Intent to Treat Patients) 





HSD (n = 211) STD (n = 211) Total (n = 422) 
Study a eS a ae 
Site Pntr Bint Unk Pntr Bint Unk Pntr Blnt Unk 
Houston 84 16 Í 95 8 0 179 24 l 
Denver 37 26 3 32 30 2 69 56 5 
Milwaukee 32 i2 0 24 19 } 56 31 l 
Total 153 54 4 151 57 3 304 ill 7 





HSD, hypertonic saline/dextran treatment group; STD, standard 


treatment group; Pntr, penetrating injury, Blnt, blunt injury; Unk, un- 
known. 
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TABLE 3. Injury Scores and Survival Between Groups 


HSD STD 

Injury Scores and Survival M + SD M + SD 
Revised trauma score 

Pretreatment 5.97 + 1.60 5.93 + 1.75 

Emergency center 7.43 + 0.97 F235 2:1075 
Injury severity score 19 + 13 19 + 15 
TRISS (probability of survival) 0.84 + 0.29 0.83 + 0.32 
24-hour survival (overall) 88% 82% 

Penetrating injury 89% 82% 

Blunt injury 84% 82% 


HSD, hypertonic saline/dextran treatment group; STD, standard 
treatment group; M, mean; SD, standard deviation. 


survival estimated using the TRISS method was identical 
to the observed 24-hour survival (Table 3). No statistically 
significant difference was demonstrated among the de- 
mographic data between treatment groups (Table 1) (p 
= 0.806). 


Ambulance Times 


The mean ambulance times from dispatch to arrival at 
the scene, at the scene, and during transport to the hospital 
were 7, 12.5, and 10 minutes, respectively, with no dif- 
ferences between treatment groups. The Houston am- 
bulance dispatch times were slightly longer, Milwaukee 
ambulance scene times were slightly longer, and Denver 
ambulance transport times were shorter. The average 29- 
to 30-minute prehospital time from dispatch to arrival at 
the trauma center was similar to that in previous studies 
from urban centers. 


Survival 


There were 77 deaths. Sixty-five of the 77 deaths (84%) . 


occurred within the first 24 hours, and only three deaths 


—— HSD (N=184) 
===- STD (N=175) 
P = 0.20 
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Fic. 1. Life table survival analysis for efficacy patients comparing patients 
receiving hypertonic saline/dextran (HSD) and standard (STD) treat- 
ments. 


occurred after 7 days. There was an apparent but not sig- 
nificantly different trend for a better survival among the 
hypertonic saline/dextran group (Fig. 1). Of the 77 deaths, 
35 occurred in patients given hypertonic saline/dextran 
(83% survival) and 42 patients given standard solution 
(80% survival). There was little difference in survival out- 
come in those patients with blunt injuries (79%) and those 
with penetrating injuries (83%). This finding was true for 
etiology comparisons as well. Survival was calculated for 
those patients requiring surgery, presuming these patients 
were more significantly injured. In this group there was 
a significant treatment effect in favor of hypertonic saline/ 
dextran (p = 0.02). This effect was significant in those 
patients sustaining penetrating trauma (p = 0.01), but not 
in those with blunt trauma. In the center with the highest 
enrollment of patients with penetrating injuries, the sur- 
vival was 88% in patients given hypertonic saline versus 
77% in those receiving Ringer’s lactate (p = 0.06). Using 
the Cox proportional hazards model with time to death 
or loss to follow-up and logistic regression with 24-hour 
survival indicated that the important predictors of survival 
were Injury Severity Score, preinfusion Trauma Score, 
and patient age. Introduction of these covariables into the 
analysis did not help differentiate between survival in the 
treatment groups. 

It proved to be impractical, in most cases, to follow the 
patients once they had been discharged or transferred from 
the trauma centers. Many gave fictitious names, addresses, 
and telephone numbers. Only 22 patients were followed 
for as long as 30 days. Consequently any comparison cf 
30-day survival rates, a secondary end point for the study, 
was not performed. 


Change in Revised Trauma Score 


- Changes in the Revised Trauma Score between prein- 
fusion and the emergency center were analyzed by treat- 


TABLE 4. Physiologic Data-Elements of the Revised Trauma Score 


HSD STD 

Physiologic Mean Mean p 

Parameters + SD + SD Value 
Systolic blood pressure-pre 744.12 715 + 16 NS 
Systolic blood pressure-EC 121 + 28 Li + 27 0.024 
Resp-pre 2047 20 + 6 NS 
Resp-EC 2226 2145 NS 
GCS-pre 12.6 + 3.8 12.3 + 3.9 NS 
GCS-EC 13.0 + 3.8 12.6 + 4.0 NS 
Revised trauma score-pre 5.97 1.63 5,93 + 1.75 
Revised trauma score-EC 7.43 + 0.97 7.25 1,16" 


* Although not significant between treatment groups, the revised 
trauma score was significant (p < 0.001) over time between pretreatment 
and arrival at the emergency center. 

HSD, hypertonic saline/dextran treatment group; STD, standard 
treatment group; Resp, respiratory rate (breaths/minute); GCS, Glascow 
trauma score; pre, prehospital treatment; EC, emergency center; NS, not 
significant. 
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ment using analysis of variance (Table 1). There was a 
statistical difference in the revised trauma score between 
pretreatment baseline and in the emergency centers in 
both the treatment and control groups (p < 0.01). No 
statistically significant differences between treatment 
groups were apparent. In an analysis of the components 
of the revised trauma score, the pulse rate was significantly 
different over time (preinfusion versus 30 minutes/24 
hours, analysis of variance, p < 0.01), but not between 
injury type or treatment groups. Systemic blood pressure 
significantly increased over time, and exhibited a more 
rapid initial rise in patients receiving the hypertonic saline 
dextran (Table 4, Fig. 2). Respiratory rates were affected 
over time, but not between treatment groups. The mean 
Glasgow coma score (12.6) was not significantly different 
over time nor by treatment group (Table 5). 


Complications 


Twenty patients had a total of 31 postadmission com- 
plications, 24 of which occurred in 13 patients receiving 
standard treatment (Table 5) and seven who received hy- 
pertonic solutions. Seven of these patients subsequently 
died, only one of which had received hypertonic solution. 
Ten patients had coagulopathies, only two of whom re- 
ceived hypertonic saline/dextran. No problems were ob- 
served with blood cross-matching, central pontine my- 
elitis, or seizures. All of these complications were consid- 
ered by the investigators to be secondary to the injuries. 


Fluid and Urine Output 


Although the mean volume of fluids administered was 
not different among groups in the centers, a consistently 
lower mean volume of administered fluid was required 
in the patients receiving hypertonic saline/dextran pre- 
hospital, in the emergency center, in the operating room, 
and in the composite initial 24-hour totals (Table 6). The 
mean urinary outputs in the emergency center, operating 
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Fic. 2. Graft comparing the mean systemic blood pressures (and standard 
deviations, SD) between treatment groups. 
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TABLE 5. Summary of Postadmission Complications 
(Number of Occurrences, Not Patients) 


Complication HSD STD Total 
Specified in protocol 
Coagulopathy 2 8 10 
Pneumonia 3 5 8 
Sepsis 0 3 3 
Abdominal abscess I l 2 
Pulmonary embolism 0 2 2 
ARDS 0 2 2 
Acute renal failure 6 1 i 
Heart failure 0 I 1 
Dead bowel 0 | f 
Others 
Cardiac arrest I 0 I 
Total 7 24 (77%) 31 


(in 7 patients) (in 13 patients) 


HSD, hypertonic saline/dextran treatment group; STD, standard 
treatment group; ARDS, adult respiratory distress syndrome. 


room, and composite 24-hour totals were similar for all 
study groups. 


Laboratory Data 


Extensive laboratory analysis was performed in the 
emergency center, at 2 or 4 hours and 24 hours after ad- 
mission. The only significant differences between the 
treatment groups were the hematocrit in the emergency 
center, potassium at 4 hours, chloride and sodium in the 
emergency center, and at 2, 4, and 24 hours after admis- 
sion, and osmolality in the emergency center, at 2 and 4 
hours after admission {Table 6). The blood alcohol levels 
between groups were identical. Of note, the serum os- 
molalities were identical between treatment groups at 291 
and 293 mOsm, respectively, at the 24-hour determina- 
tion. Serum sodium levels were significantly higher in the 
hypertonic saline/dextran group as compared with stan- 
dard therapy group at all times measured (at the emer- 
gency center, 2, 4, and 24 hours after admission) (Fig. 3). 
Twenty patients had serum sodium levels exceeding 155 
mEq/L, all but one in the hypertonic saline/dextran group. 
Six of these 20 patients died; one was in the standard 


TABLE 6. Summary of Fluid Balance (ml of fluid) | 


Fluid Balance HSD STD 

Fluid intake 

Prehospital 1087 + 671 1171 +771 

Emergency center 1902 + 1340 2543 + 2075 

Operating room 7639 + 7719 8830 + 7652 

24-hour totals 9183 + 8487 10707 + 8896 
Urine output 

Emergency center 574 +617 419 + 680 

Operating room 1277 + 1216 1221 + 1114 

24-hour totals 3310 + 2076 3337 + 2293 


HSD, hypertonic saline/dextran treatment group; STD, standard 
treatment group. 
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Fic. 3. Graft comparing the mean serum sodium levels (and standard 
deviations) between treatment groups. 


treatment group (Table 7). The deaths were due to the 
injury, not to the hypernatremia. There were no neuro- 
logic symptoms of seizures, somnolence, or coma, or other 
adverse clinical symptoms of hypernatremia. The mean 
serum chloride level was significantly elevated in the hy- 
pertonic saline/dextran group at all times through 24 
hours after injury (Fig. 4). This difference was most ob- 
vious at the determinations made in the emergency center. 
The serum potassium and creatinine levels were identical 
for both study groups (Table 8). Serum potassium levels 
in both groups remained normal through the first 24 hours 
of hospitalization. Although the serum bicarbonate levels 
were identical for both study groups in the emergency 
center and through 24 hours of measurement, a lower 
bicarbonate level was noted among the patients from 
Denver, because of the higher altitude (Table 9). All as- 
pects of the blood gases through 24 hours demonstrated 
no statistically significant difference between treatment 
groups (Table 8). The only appreciable difference was seen 
in the Denver cohort of patients, where the partial pressure 
of carbon dioxide (PCO2) averaged 6 mmHg lower than 
the other two centers. Again, this difference was attributed 


TABLE 7. Patients with Serum Sodium Levels Greater 
than 155 mEq/L Who Died 


Emergency 
‘Center 
Sodium Survival 
Treatment (mEq/L) {hours) Injury 
HSD 156 26.1 SW to left ventricle 
HSD 164 0.9 Air embolism 
HSD 169 2.3 GSW to IVC & iliac artery 
HSD 169 6.8 Massive head injury 
HSD 237 7.0 SW right ventricle & 
coronary artery 

STD 163 317.6 SW right ventricle 


HSD, hypertonic saline/dextran treatment group; STD, standard 
treatment group; SW, stab wound; GSW, gunshot wound; IVC, inferior 
vena cava. 
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Fic. 4. Graft comparing the mean serum chloride levels (and standard 
deviations) between treatment groups. 


to the higher altitude of Denver. Prothrombin times, par- 
tial thromboplastin time, and platelet counts were assessed 
as a gross evaluation of clotting studies. Although 10 pa- 
tients exhibited clinical signs of a coagulopathy (and these 
patients had altered clotting studies), no significant dif- 
ference between the study groups in these three coagu- 
lation parameters was noted. The mean white blood 
counts were identical for both groups. The mean hema- 
tocrit levels in the emergency center were lower in the 
hypertonic saline/dextran cohort (32%) than in the stan- 
dard treatment group (34%). Hematocrit levels were not 
different between groups at subsequent determinations. 


Safety Analysis 


Deaths, postadmission complications, and any specific 
acute reactions were analyzed to assure safety of the treat- 
ments or study solutions. Deaths and complications in 
all patients were considered the result of initial injury or 
known complications of the injury. The complication and 


TABLE 8. Laboratory Values in the Emergency Center 


HSD STD 

Laboratory Values Mean + SD Mean + SD p Value 
Sodium (mEq/L) ISL +9 142 +4 <0.C01 
Chloride (mEq/L) 118+8 109 + 10 <0.001 
Potassium (mEq/L) 3.8 + 0.6 3.9 + 0.7 NS 
Bicarbonate (mEq/L) 19.6 + 4.3 19.2 + 5.0 NS 
Osmolality (mOsm) 343 + 34 328 + 41 <0.001 
Creatinine (mg/dL) 1.1 +0.3 1.1 + 0.3 NS 
Hematocrit (%) 3247 3448 0.001 
Prothrombin time 12.7 + 2.4 12.5 + 2.1 NS 
Partial thromboplastin time 33 + 24 32-17 NS 
pH 7.29 +O6.11 7.30 + 0.14 NS 
pO2 (mmHg) 179 + 136 176+ 131 NS 
pCO2 (mmHg) 37 + 10 36 + 10 N5 
Blood alcohol (%) 0.135 + 0.11 0.139 + 0.11 NS 


HSD, hypertonic saline/dextran treatment group; STD, standard treatment group; 
NS, nonsignificant; SD, standard deviation. 
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TABLE 9. Summary of Serum Bicarbonate Levels (mEq/L) 








Time in Ben Taub Denver Milwaukee County 
Hospital General Hospital General Hospital Medical Complex Total 
Emergency center 
HSD 21.6. 3.0 16.9 3.8 19.1 3.7 19.6 4.3 
STD 20.4 5.8 16.7 4.4 19.9 3.9 19.2 5.0 
2 hours 
HSD 21.6 4.5 17.2 3.6 20.8 2.5 20.0 3.8 
STD 22.2 4.7 16.9 3.9 22.1 4.4 21.1 4.5 
4 hours 
HSD 23.0 3.2 17.8 3.4 22.4 2.9 20.8 3.2 
STD 24.1 4.5 18.2 3.1 21.3 3.8 21.7 3.9 
24 hours 
HSD 26.0 4.1 22.55 34 24.2 2.5 24.5 3.6 
STD 29.7 3.7 22.3 3.4 23.6 2.2 24.2 3.4 


HSD, hypertonic saline/dextran treatment group; STD, standard treatment group. 


death rates were not different between treatment groups. 
No cases of dextran-induced anaphylactoid reactions or 
seizures were reported. 


Discussion 


In this first United States multicenter study of hyper- 
tonic saline, the infusion of 7.5% NaCL in 6% dextran 70 
in hypotensive patients was not shown to improve 24- 
hour survival. This lack of efficacy probably was due to 
experimental design. After the initial infusion of 250 mL 
of study solution, patients continued to receive resusci- 
tative fluid at the discretion of the treating physicians. 
Therefore the use of additional fluids as necessary to 
achieve normotension was expected to decrease the ob- 
served differences in survival between treatment groups, 
as both groups were maximally resuscitated. Both control 
and treatment patients received similar volumes of re- 
suscitative fluids. There was not a comparison of a small 
volume of hypertonic solution with a routine volume of 
a balanced crystalloid solution, nor was there a compar- 
ison of a small volume of hypertonic solution to no pre- 
operative fluid resuscitation at all. Thus a small volume 
(250 mL) of hypertonic solution merely has an additive 
effect on routine resuscitation. Although within the limits 
of the experimental design the hypertonic saline/dextran 
cohort did not display superiority in efficacy, neither did 
this group show an inferiority in either the primary or 
secondary end points. ; 

Restoration of lost intravascular fluid volume has been 
the objective of the resuscitation of the patient with post- 
traumatic hypotension for the major portion of this cen- 
tury. This logic has been based on considerable laboratory 
and clinical work.!~!2!95*°° The increase in fluid volume 
as well as the accompanying increase in blood pressure, 
tissue perfusion, and oxygen transport have been assumed 
to contribute to an increased opportunity for both oper- 
ative and nonoperative treatment strategies in the hospital. 
With the advent of Emergency Medical Services, even 


in rural areas, and an ever-present threat of global war- 
fare with its presumed longer transport and supply 
times, a smaller volume, equally effective or even of 
Superior resuscitative effectiveness, would be desir- 
able. !?-2123,24,31,42,43,45,61-71 Hypertonic saline solutions, 
with and without the addition of dextran, seem to satisfy 
that logic and have been extensively studied in the labo- 
ratory and a frequent suggestion that solutions containing 
dextran have a distinct advantage in resuscitation from 
shock. '7:18:2!,25-27,29,30,35-40,72-75 Many of the experimental 
animal studies use a modified Wigger’s preparation of 
‘controlled’ hemorrhage. The beneficial hemodymamic 
effects of hypertonic solutions are increased systemic blood 
pressure, increased cardiac output, improved oxygen 
transport, and increased mesenteric and coronary blood 
flow, |!:17,18,29,40,76,77 Through increasing microcirculation 
and recruitment of extravascular water, hypertonic so- 
lutions have been shown to cause vasodilation, increased 
myocardial contractility, and redistribution of extracel- 
lular and interstitial fluid. !?2'2>-2839-77 

Evaluations of hypertonic solutions in patients with 
burns, 8! cerebral injury,°*8283 and nontraumatic 
hemorrhage!”*!°!5)?! also have been reported. These 
studies have bearing on the general subject of the physi- 
ologic effects of hypertonic solutions and indirectly relate 
to traumatic hypotension, but are, in general, beyond the 
scope of this directed multicenter study. To test the efficacy 
hypothesis on post-traumatic hypotension, a real-time, 
real-patient clinical trail in the prehospital environment 
is required. 

This and other similar clinical studies have used a max- 
imum of 250 mL and a maximum of 7.5% NaCl solutions. 
A theoretical disadvantage exists in using larger volumes 
of this concentration, because complications of hyper- . 
natremia might ensue. Furthermore, there is a maximum 
recruitment of intracellular and interstitial fluid that 
would be tolerated. In the logistics of the field environ- 
ment, especially if uncontrolled, hypertonic saline solu- 
tions would not be as ‘forgiving’ as isotonic solutions. 
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In the post-traumatic hypotensive patient, Holcroft et 
al.27043.44.54 have shown a beneficial effect of hypertonic 
solutions on physiologic parameters, especially blood 
pressure, but not survival.** This group has also reported 
on the safety of a limited volume of hypertonic saline 
(250 mL). This study also demonstrates the safety of a 
limited volume of prehospital administration of a 7.5% 
NaCl in 6% dextran 70. Of the 211 patients who were 
infused with the hypertonic saline/dextran solution, none 
of the complications or adverse reactions were attributable 
to the treatment solution. This experience is in keeping 
with the lack of adverse events noted in innumerable an- 
imal experiments in which a small bolus of the hypertonic 
saline/dextran solutions was infused. 

Based on an analysis of previous reports from Sacra- 
mento and a pilot study in Houston, it was originally 
projected that a minimum of 700 patients would be re- 
quired to determine a significant efficacy difference be- 
tween the study solutions. Because of an unanticipated 
lower than expected mean ISS, it was determined that 
more than 1200 patients would be needed to detect a 
significant difference, and this multicentered study was 
terminated prematurely at the second interim analysis. 
Furthermore this study was performed in cities with rel- 
ative rapid transport, rapid emergency center care, and 
rapid transport to the operating room, and may not be a 
realistic evaluation for rural trauma patients or the mil- 
itary environment. 

In at least two laboratories using models of ‘uncon- 
trolled’ shock, resuscitation before control of the hem- 
orrhage has caused investigators to question the use of 
mechanisms to raise the blood pressure.*?*?-?! The con- 
cept of maintaining a lower than normal blood pressure 
in the post-traumatic hypotensive patient has even been 
raised in the clinical setting.!~3°-!0!3-46?! 

In conclusion this and other recent clinical studies have 
shown that the infusion of 250 mL of 7.5% NaCl in 6% 
dextran is as effective as standard resuscitation solutions 
in the prehospital management of traumatic hypotension. 
Within the experimental design, this solution may also 
offer a potential benefit in a subgroup of patients with 
penetrating injury and active hemorrhage and requiring 
urgent laparotomy or thoracotomy. Because the solution 
as given appears safe, a more rigid evaluation of 250 mL 
of 7.5% NaCl solutions, with and without dextran, and 
compared with larger/routine volumes of traditional re- 
suscitation fluids, is justifiable. 
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Fifty-six patients with penetrating colon injuries were entered 
into a randomized prospective study. Management of the colon 
injury was not dependent on the number of associated injuries, 
amount of fecal contamination, shock, or blood ‘requirements. 
Twenty-eight patients were treated with primary repair or re- 
section and-anastomosis and 28 patients were treated by diversion 
(24 colostomy, 3 ileostomy, 1 jejunostomy). The average Pene- 
trating Abdominal Trauma Index score was 23.9 for the diversion 
group and 26 for the primary repair group. There were five 
(17.9%) septic-related complications in the diversion group. This 
included four intra-abdominal abscesses and one subcutaneous 
wound infection. There were six (21.4%) septic-related compli- 
cations in the primary repair group. This included one wound 
infection, two positive blood cultures, and three intra-abdominal 
abscesses. There were no episodes of suture line failure in the 
primary repair/anastomosis group. The authors conclude that, 
independent of associated risk factors, primary repair or resection 
and anastomosis should be considered for treatment of all patients 
in the civilian population with penetrating colon wounds. 


: HE MANAGEMENT OF the colon injury remains 
controversial in spite of a number of divergent 
reports during the past decade. Argument con- 

tinues over the propriety of ostomy to divert such injuries 
versus primary repair without stoma. 

Most recent retrospective investigations favor an ag- 
gressive approach with primary repair.'~? Only one pro- 
spective, randomized study analyzing diversion versus 
primary repair has been published, however.* That study 


showed an advantage to primary repair in selected cases. — 


“The ‘study was flawed, however, by inclusion of criteria 
for obligatory diversion before randomization, thereby 
eliminating 48% of patients from the study. 
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Civilian injuries resulting in colonic perforation con- 
tinue to represent a significant problem in the United 
States, particularly in the urban sector. With the psycho- 
logical, financial, and physical drawbacks of an ostomy 
and subsequent takedown, the question of the superiority. 
of diversion over primary repair of colon injury is worthy 
of further research. 

With this in mind, we initiated a prospective, random- 
ized study, without exclusion of any patients, evaluating 
the treatment of intraperitoneal large bowel injury by di- 
version versus primary repair. Patients with extraperito- 
neal rectal injuries in association with intraperitoneal in- 
juries were excluded. This report describes the results in 
the first 56 patients. 


Materials and Methods 


Between August 1987 and June 1990, all patients with 
a potential penetrating intraperitoneal large bowel injury 
admitted to the Louisiana State University trauma service 
at Charity Hospital at New Orleans were considered eli- 
gible for entry into the study. Standard resuscitative mea- 
sures were performed on all patients according to Ad- 
vanced Trauma Life Support (ATLS) protocol. Nasogas- 
tric and urinary catheters were placed. Depending on the 
response to resuscitation, patients were evaluated with 
indicated radiographic and endoscopic tests in selected 
cases. All patients received perioperative broad-spectrum 
systemic antibiotics. At the time of laparotomy, those pa- 
tients found to have one or more penetrating colon injuries 
were randomized to either ‘diversion’ or ‘primary repair.’ 


492 


Vol. 213 « No. 5 


Randomization was accomplished with a table of random 
two numbers. Diversion was defined as (1) exteriorization 
of the injury; (2) resection of the injury with exterionzation 
of the proximal segment and either exteriorization or clo- 
sure of the distal line of resection; or (3) debridement, if 
indicated, and simple closure of perforations with for- 
mation of a loop or end stoma proximal to the injury. 
Primary repair was defined as (1) debridement, if indi- 
cated, with simple closure of the perforations or (2) re- 
section of a segment of large bowel containing perforations 
followed by anastomosis. All perforations were closed us- 
ing accepted suture or staple methods. Patients with mul- 
tiple colon injuries were included in the study. The peri- 
toneal cavity in all patients was irrigated with sterile saline 
solution before fascial closure. Skin wounds were left open 
to heal by secondary intention or by delayed primary clo- 
sure at approximately 5 days after operation. Adminis- 
tration of systemic antibiotics beyond 48 hours was per- 
mitted only when other extra-abdominal injuries dictated, 
for example, open fracture. Patient care was by surgical 
residents with close supervision by attending staff 
throughout the hospital course. Patient data were collected 
with the emphasis on success or failure of the method of 
management of the colon injury and the subsequent effect 
on the patient’s clinical course. Similar data were retrieved 
for those patients treated with diversion who later under- 
went stoma closure. 


Results 


Of the 56 patients, 28 were randomized into each group. 
Data were collected concurrently and complications and 
outcome recorded. 

The majority of patients in each group were young men. 
The average age for the primary repair group was 26 years 
(range, 17 to 58 years); and for the diversion group, 23 
years (range, 14 to 61 years). There were 27 men and | 
woman in the primary repair group and 25 men and 3 
women in the diversion group. All patients were from the 
New Orleans area and were brought to the Charity Hos- 
pital accident room shortly after sustaining injury. Average 
time from arrival at the Accident Room to operation was 
116 minutes for primary repair versus 91 minutes for the 
diversion group. There was a single patient in the primary 


TABLE 1. Mechanism of Injury 


Mechanism Primary Repair Diversion 
Gunshot wound 24 27 
Stab 4 0 
Shotgun 0 | 
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TABLE 2. Transfusions 
Number Units 
PRBC Primary Repair Diversion 
0 15 17 
1-4 8 3 
>4 3 8 


PRBC, packed red blood cells, 


repair group whose stab wound to the abdomen was 
treated nonoperatively at first. This patient’s time to op- 
eration was 705 minutes. Both groups had a preponder- 
ance of gunshot wounds as the cause of penetrating injury 
(Table 1). In the diversion group, there was one patient 
with a shotgun wound. 

At the time of arrival in the accident room, the majority 
of patients were hemodynamically stable. Shock, defined 
by a systolic blood pressure less than 80 mmHg, was pres- 
ent in three patients in the diversion group and one patient 
in the primary repair group. No blood transfusions were 
required in 32 patients. Packed red blood cell (PRBC) 
administration to others is shown in Table 2. More than 
4 units of PRBC were required in eight patients in the 
diversion group and five patients in the primary repair 
group. 

All patients were explored through midline incisions. 
Colon wounds and associated injuries were evaluated and 
graded according to the Penetrating Abdominal Trauma 
Index (PATI).° All associated abdominal organs injured 
were evaluated and treated accordingly. The small bowel 
was the other organ injured most commonly (Table 3). 
The number of injuries, including colon injury, was sim- 
ilar in both groups (Table 4). The average PATI score for 
the primary repair group was 26, with a range of 8 to 77, 
and for the diversion group the score was 23.9, with a 
range of 12 to 55. 

There was no difference between the two groups with 
respect to the grade of colon injury according to the colon 


TABLE 3, Associated Intra-abdominal Injuries 


Organs Primary Repair Diversion 


—, 


pet me ee RO ON NN I O 


Small bowel 2 
Duodenum 
Stomach 

Liver 

Major vascular 
Kidney 
Pancreas 
Ureter 
Diaphregm 
Gallbladder 
Spleen 
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TABLE 4. Total Number Organs ‘Injured E 





Number Primary Repair Diversion ` 
l 3 2 
2-3 19 19 
>4 6 7 





injury severity scale (Table 5) or location of injury (Fig 
1). There was a single colon injury in 25 patients in the 
primary repair group and in 20 patients in the diversion 
group. Multiple colon injuries were found in 11 patients 
(Table 6). Of particular note is the presence of a similar 
number of left-sided injuries in each treatment group. The 
majority of injuries were grades III and IV. There were 
no grade I colon injuries in either group. 

Of the 28 patients in the diversion group, 21 were di- 
verted by a colostomy (12 end and 9 loop) and 6 by ile- 
_ ostomy (3 end and 3 loop). One patient had a shotgun 
wound requiring resection of a large portion of small bowel 
and colon and underwent an end jeyunostomy. 


Of the patients in the primary repair group, 11 under- : 


went resection with anastomosis, (10 stapled functional 
end to end, | sutured) and 17 underwent debridement 
and closure (5 stapled, 12 sutured). There were no anas- 
tomotic leaks in the primary repair group. 
Complications developed with equal frequency in both 
groups (Table 7). Eighteen patients in the diversion group 


and 19 patients in the primary repair group had no com- - 


plications and an uneventful recovery and discharge. In 
the diversion group, there was one patient who developed 
a soft tissue infection in the anterior abdominal wall. This 
patient had a shotgun wound and developed a subcuta- 
neous abscess between the incision and stoma. In the pri- 
mary repair group, there was one wound infection that 
occurred after the wound was closed by delayed primary 
closure. There were two fistulas (one pancreatic and one 
duodenal) in the diversion group. Both healed by non- 
operative treatment with total parenteral nutrition. 
Patients who developed intra-abdominal abscesses were 
evaluated for known risk factors (Table 8). The length of 
time from arrival in the accident room to operation was 
not different from the overall group for the seven patients 


TABLE 5. Colon Injury Severity Scale 


Worst Grade Injury. Primary Repair Diversion 
I 0 0 
H 4 3 
Ill 13 17 
IV 7 5 
Vv 4 3 
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FIG. 1. Location of injuries, primary repair versus diversion, 


who developed intra-abdominal abscesses. One patient 
was 61 years old (older than average), but the remaining 
six patients were all between the ages of 17 and 33. Pen- 
etrating Abdominal Trauma Index score was less than 25 
in four patients and more than 25 in three. Blood trans- 
fusion was required in six of the seven patients, but shock 
was only present in one of the seven patients. There was 
no difference in the incidence of abscess between the di- 
version and primary repair groups. Two of the three pa- 
tients with intra-abdominal abscess in the primary repair 
group had resection and anastomosis. The number of as- 
sociated injuries, number of colon injuries, and grade of 
the worst colon injury were similar. 

All dehiscences occurred in the diversion group (Table 
9). One patient was 61 years old, received 10 units of 
PRBCs, and developed an intra-abdominal abscess. In 
the other two patients, no contributing factors could be 
identified that predisposed the patient to dehiscence. 

Drains were used as indicated for associated injuries; 
no colon repair was drained. 

To date stoma closure has been performed on 22 pa- 


TABLE 6. Number Colon Injuries 


Number Primary Repair Diversion 
1 25 20 
2 l 2 6 
3 l 1 2 


Vol. 213 + No. 5 


TABLE 7. Complications 


Complication Primary Repair Diversion 
Intra-abdominal abscess 
Dehiscence 

Repeat operation 
Duodenal leak 
Pancreatic fistula 
Ureteral stenosis 
Wound infection 

IVC thrombosis 
BC+—no source 
Respiratory failure 
Phiebitis 

Catheter sepsis 
Atelectasis 


OOo On — TCeoen ew 


IVC, inferior vena cava; BC+, blood culture positive without identi- 
fiable source. 


tients. One patient with a colostomy had a spinal cord 
transection with paralysis and there is no plan for closure. 
Of the 22 patients closed, the average length of stay was 
7.4 days (range, 4 to 11 days) for closure. The average 
interval from creation to closure of stoma was 120 days 
(range, 51 to 264 days). Twenty-one of twenty-two stomas 
were closed without complication. One patient with an 
ileostomy developed an enterocutaneous fistula after il- 
eostomy closure. The fistula closed spontaneously after 
18 days of hyperalimentation. Comparing length of stay 
for each group, including admission and readmission for 
colostomy closure, shows a longer stay for the diversion 
group than the primary repair group (18.8 days versus 
12.8 days). 


Discussion 


Trends in the management of colonic injury in this 
century have been summarized by Nance. Primary repair 
was favored early in the century until World War II, when 
Ogilvie’s classic paper describing the British experience 


TABLE 8. Intra-abdominal Abscess 


Time to Surgery Number Units 


(min) Age PATI PRBC Shock 
Diversion 
75 6i 30 10 No 
75 i9 32 2 No 
90 29 19 0 No 
120 22 22 6 No 
Primary repair 
105 33 24 4 Yes 
58 32 77 8 No 
58 31 18 2 No 


PATI, Penetrating Abdominal Trauma Index; PRBC, packed red blood 
cells. 
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TABLE 9. Wound Dehiscence: Diversion 
Time to Surgery Number Units 
' (min). Age PATI PRBC Shock 
24 30 22 0 No 
35 22 20 0 No 
75 61 30 10 No 


PATI, P2netrating Abdominal Trauma Index; PRBC, packed red blood 
cells. 


in the African desert and the mandate by the Surgeon 
General of the Armed Service Forces of the United States 
made colostomy proximal to or at the site of large bowel 
trauma the standard of care.”® Woodhall and Ochsner? 
in 1951 suggested the safety of primary repair in selected 
patients with civilian colon injury. Diversion remained 
the standard of care during the period from 1950 to 1980, 
however. In the last 10 years, primary repair has assumed 
an increasing role in the treatment of colon injuries. 
Stone and Fabian,’ in a 1979 prospective randomized 
study of perforating colon injuries, clearly demonstrated 
that, in select patients, primary repair was effective when 
compared with colostomy. Moreover in some patients the 
colon-related morbidity rate of primary repair was less 
than that of diversion. As a ‘randomized, prospective’ 
study, this important paper was criticized on several 
points. A large number of patients (48%) were eliminated 
from rardomization and assigned obligatory colostomv 
on the basis of parameters indicating severe injury (shock, 
excessive blood loss, more than two abdominal organs 
injured, excessive fecal contamination, delay in operation, 
colon injury requiring resection, major abdominal wall 
loss). In addition randomization was on the basis of the 
patient’s hospital number, not the ideal method of blind- 
ing the surgeon obtaining consent of the patient. 
Despite the criticisms of the report by Stone and Fabian, 
the importance of their investigation cannot be under- 
estimated. The past decade has ushered in a number of 


TABLE 10. Comparison of Retrospective Studies 


Wound 
Infection Intra-abdominal Deaths 
Authcr (%) Abscesses (%) (%) 
Jurisich unpublished Colostomy 23 6 8.5 
data Primary repair 9.4 3 2.6 
George? Colostomy 29 10 6.4 
Primary repair 8.6 5.5 1.4 
Shannon! Colostomy 12 25 2* 
Primary repair 7 i4 I 
Burch? Colostomy 5.3 16.7 9.2 
Primary repair 4.5 5.3 1.6 


* Septic-related death. 
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retrospective studies from major trauma centers on the 
treatment of the injured colon. These studies and those 
of our institution’s retrospective data (unpublished) tend 
to agree with Stone and Fabian (Table 10). These retro- 
spective data have shown that patients often can be treated 
successfully with primary repair even in the presence of 
the adverse conditions that mandated obligatory colos- 
tomy by Stone and Fabian.* 

George and colleagues prospectively performed primary 
repair in 95 of 102 patients (93%) with colon injury.’° 
The incidence of wound infection was 14.8% and intra- 
abdominal abscess/peritonitis was 13.6%. There was one 
suture line failure in the anastomosis group. 

Many advances in prehospital care, resuscitation, blood 
banking, and critical care have changed the natural course 
of the patient with civilian colon injury as compared with 
50 years ago. When victims of colon trauma die in the 
early postinjury period, death is usually due to other in- 
juries, such as great vessel perforation or head injury. The 
usual problems associated with colon injury are infections 
with subsequent complications and, sometimes, death. 
The purported advantage of diversion over primary repair 
is the avoidance of a suture line leak as a potential source 
of intra-abdominal sepsis. In this study the incidence of 
colon-related complications did not differ between the two 
groups. The incidence of intra-abdominal abscess was 14% 
in the diversion group and 11% in the primary repair 
group. There was no suture line leak in the primary repair 
group. 

It has been suggested that the PATI is a reliable basis 
for prediction of complications and a gauge for compar- 
ison of colon injury management. Moore and coworkers?” 
found that when the PATI was 25 or less, the morbidity 
rates after stab wounds and gunshot wounds to the ab- 
domen were 5% and 7%, respectively. A PATI of greater 
than 25 was associated with morbidity rates of 50% and 
46%, respectively. Retrospectively, Nelken and Lewis!! 
evaluated PATI, the Injury Severity Score (ISS), and the 
Flint Colon Injury Score. They concluded that PATI was 
superior to ISS and the Flint Score and recommended 
that the use of primary repair be expanded in civilian 
colon trauma. In our review the average PATI scores were 
26 for the primary repair group and 23.9 in the diversion 
group. The number of patients with a PATI score greater 


TABLE 11. Comparison of PATI 


PATI Primary Repair Diversion 


<25 18 20 
>25 10 8 


PATI, Penetrating Abdominal Trauma Index. 
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than 25 or less than 25 was similar in each group (Table 
11). For those patients in either group who developed 
colon-related complications, however, a PATI score 
greater than 25 was not an accurate predictor of compli- 
cations in either group. 

Exteriorized repair continues to be used in some centers 
as a method of management of colon trauma.’ It requires 
a perforation, ideally on the antimesenteric border, ame- 
nable to suture closure rather than resection and capable 
of mobilization to the abdominal wall without excessive 
tension. Meticulous postoperative care is needed in the 
form of dressing changes. Despite enthusiastic proponents 
it never has been widely practiced. For these reasons we 
have not adopted the technique. and did not think it ap- 
propriate for inclusion in this study. 

The treatment of colon injury cannot be addressed sat- 
isfactorily without discussion of the psychological, finan- 
cial, and physical consequences of colostomy and sub- 
sequent closure. Few would debate the psychological ad- 
justments needed to adapt to life with a stoma, even if 
temporary. Similarly there is no doubt about the added 
expense of a second procedure for colostomy takedown, 
which involves not only the hospital and physician fees, 
but also the potential loss of work time during the hos- 
pitalization and recovery. 

There is a wide variation in the recorded morbidity of 
stoma closure. Parks and Hastings!’ found a 36% com- 
plication rate and no deaths in a review of 83 patients 
subjected to colostomy closure at our institution after 
stoma formation for a variety of diagnoses, including in- 
jury. In contrast other reviews addressing colostomy clo- 
sure after colon injury have found a much lower morbidity 
rate.!*-!® Crass et al.!> studied 75 patients with colostomy 
takedown after colon injury and found a 5% overall com- 
plication rate, which correlates with the 5% morbidity 
rate in this study. Even though stoma closure after trauma 
can be done with a low morbidity rate, we agree with 
Jordan!’ that any operation, regardless of complication 
rate, is a potential cause of complications for the patient 
and that a colon injury should be managed with primary 
repair, avoiding colostomy and subsequent takedown, if 
it is judged safe to do so. 

In addition to the morbidity rate of colostomy closure, 
the added time of hospitalization must be evaluated. Pa- 
tients in this study who had colostomy closure had an 
average total length of hospital stay of 18.8 days versus 
12.8 days for the primary repair group. 

This review describes the results of a randomized pro- 
spective study of penetrating colon injury with no exclu- 
sion criteria. Evaluation of previously identified risk fac- 
tors including PATI score greater than 25, number of 
transfusions, shock, and the time interval to operation 
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was not beneficial in predicting increased morbidity rate 
from primary repair. The results suggest that virtually all 
patients with penetrating civilian colon trauma can be 
managed safely by primary repair. ` 
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DISCUSSIONS 


Dr. ARTHUR C. BEALL, JR. (Houston, Texas): I rise to note that at 
this meeting in this hotel 20 years ago, I presented the Baylor experience 
on primary repair of colon injuries. I can well remember I was severely 
taken to task at that meeting by people who pointed out the experience 
in World War II, the Surgeon General’s dictum regarding exteriorization, 
and so forth. 

Obviously civilian colon injuries are different. They are usually stab 
wounds or low-velocity missiles as compared to high-velocity missiles 
in war time. The contamination is different. The time from injury to 
treatment is different. The follow-up is different. The treating surgeons 
are usually well-trained residents under supervision by experienced staff. 

You cannot compare the two, but people have done that now for 40 
years since Dr. Ochsner presented the Tulane experience on primary 
repair of colon injuries. People have quoted “Those who cannot remember 
the past are condemned to repeat it.” However there are times that the 
past is different from the present. I hope we no longer have papers on 
primary repair of colon injuries in civilian practice introduced by saying 
there is still considerable controversy. I think it’s time to lay that con- 
troversy to rest. 


Dr. TIMOTHY C. FABIAN (Memphis, Tennessee): I congratulate the 
authors on a very well-constructed prospective randomized study. It was 
very well controlled; the patients were well matched relative to location 
and grade of injury. Their data corroborate studies that I have been 
involved with in the past. And it certainly is convincing that primary 
repair is preferable to diversion for nondestructive colon wounds. I agree 
with Dr, Beall that there is little question that those wounds are appro- 
priate. But I would still like to sound a word of caution about more 
injurious injuries that require resection and anastomosis. I think the jury 
is still out relative to those patients. 

I would like to take a second and put some of this into perspective. 
In addition to Dr. Beall’s work at Baylor 20 years ago, Woodall and 
Ochsner in New Orleans in 1951 were the first in the post-World War 
II period to suggest that civilian wounds were different and half of their 
patients could be repaired primarily. Regardless of that, it fell pretty 
much on deaf ears throughout the country, and most people began di- 
verting most of these patients. 

I would next like to refer to the study that Dr. Cohn mentioned, the 
perspective randomized study that was designed by Dr. Harlan Stone, 
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and I was fortunate enough to participate in, presented at this meeting 
12 years ago. 

At that time primary repair was not a popular thing to do, as Dr. Beall 
suggested. Most people still were pretty skeptical that it could be done, 
safely, anc at that time it was elected not to do it on everybody because 
there were no data available. Therefore certain patients were eliminated. 
Those who were in shock, who had more than two units of blood loss, 
significant delays in operation greater than 6 hours, multiple associated 
organ injuries, and excessive fecal contamination were not considered. 
If they had those, the patients underwent obligatory colostomy, which 
was 48% of the total population of 268 patients. The other 52% then 
were randomized to primary closure versus colostomy. As you can see, 
the intraperitoneal infection rate was significantly (p = 0.05) higher with 
colostomy. So that data demonstrated certainly that primary repair wes 
not only as good but better for selected cases. 

Two year ago we presented a study that was prospective but not com- 
parative. It became fairly clear to us that the vast majority of colon 
injuries could be repaired primarily and did not require resection. At 
that time we had 83 patients with primary repair. We had [2 patients 
who had anastomoses. I would like to focus on the intra-abdominel 
sepsis rate, which was very similar to that data presented today. Our rate 
was 12% with primary repair. And, very importantly, there were no 
failures of repair in that study. Zero of 83. 

Currently we are finding about a 1% failure rate with primary repair. 
However, with anastomosis, although there was a small number of pa- 
tients, there was one failure. A patient leaked his anastomosis. 

Subsequently we have had a fairly large series of colectomies with 
anastomosis and currently we’re finding a 10% failure rate. It is clear to 
me that not all patients can be primarily anastomosed safely, and I think 
that is our next great challenge. Our risk factors have been major con- 
tamination and transfusions. 

With that said, I would like to ask the following questions to the LSU 
group. First you noted that you only administer perioperative antibiotics 
for 48 houzs. What is the rationale for using that limited amount o7 
therapy in these patients, although that does satisfy my bias? I do not 
think there are any data available. 

I would like to know about the 10% dehiscence rate in the resected 
patients. Was this due to necrotizing fascia or was this technical failure? 

And finally are there any patients on whom you would not do a primary 
anastomosis today? I suspect that we will get a little more conservative 
as more data are available on that in the future. 
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Dr. F. CARTER NANCE (Livingston, New Jersey): As a young man 
who came out of Saturday conferences with Dr. Cohn with a bloodied 
head by presenting patients who had primary colon wounds primarily 
closed, I would like to say better late than never, Dr. Cohn. 


This is an important paper, and, as the previous discussants have 


indicated, settles the controversy and puts the burden of proof on the 
other side: that those who think that colostomy has a role in the man- 
agement of colon injuries will have to come up with their own studies 
proving that it is better. 

I would have preferred that this had been a larger study with more 
patients, but it is a pretty convincing one. 

I also raise the issue of why we should separate military wounds from 
civilian wounds. We have well-trained surgeons out there in the desert 
now. This controversy started in the western desert, I will remind you, 
of Africa in 1944. And if one reads that paper the patients treated by 
primary suture did better than the patients with colostomy, despite the 
author’s conclusion that mandatory colostomy should be performed. 

Dr. DeBakey’s own history of the Army’s experience with the 19 pa- 
tients who were treated by primary suture versus about 1500 patients 
treated by colostomy, those 19 patients did very well, despite the fact 
the surgeons were threatened with court martial if they did it. 

In addition one of our distinguished former members, Dr. Ambrose 
Storch, recommended primary suture before the war when he wrote the 
manual on the treatment of abdominal injuries for the Army. 

So I think that these studies all suggest that perhaps the military ought 
to also look into primary suture. 

I have one question that is related to Dr. Fabian’s comment. I noted 
that 40% of the patients in this group were treated by primary resection 
and anastomosis. That seems a bit high, and it seems to me that perhaps 
the authors were a little more aggressive about repair of the injuries. I 
would like to know whether they think their results would have been 
even better if they had made a more stringent attempt to close the wounds 
than to perform resection. 


Dr. DAVID FELICIANO (Rochester, New York): While the numbers 
are small in this series, the data are consistent with that previously reported 
by Stone, Fabian, Burch, and others, namely, that we all need to treat 
patients with traumatic perforations of the colon by ignoring much of 
what we learned about elective colon procedures tn the past, i.e., even 
without a bowel prep and even with feces in the operative field, at least 
a lateral repair of the colon is safe. 

I have three short questions and comments for the authors. First please 
clarify your method of randomization, which was not clear in the manu- 
script. 
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Second, in John Burch’s most recent series on colon injuries presented 
at the Western Surgical Association last month, 3 of 14 patients, or 21% 
of those with colocolostomies, developed anastomotic leaks. Two required 
reoperation, and one died. How many of your anastomoses were truly 
colocolostomies in this series rather than ileocolostomies? 

And, again, do you really believe that your 11 stapled or sutured anas- 
tomoses that did not leak allow you to endorse enthusiastically this ap- 
proach for all surgeons in trauma centers? 

And I would like to repeat one of the other questions. Under what 
circumstances in 1991 would you no longer do a primary repair? 


DR., CHARLES W. CHAPPUIS (Closing discussion): Dr. Fabian the ra- 
tionale for 48 hours of antibiotics is based on this thinking: we do not 
think that there is any hard evidence in the literature today to support 
a longer course of antibiotics. And, in fact, there may be some reasonable 
evidence to support a lesser time period of antibiotics. But, nevertheless, 
we arbitrarily chose 48 hours as the period of time in which the peri- 
operative antibiotics would be given. 

With respect to the three patients who had a fascial dehiscence, they 
were all in the diversion group. One of the three had an intra-abdominal 
abscess. Two of the three were closed with a running suture. And J suspect 
that in light of any hard evidence to lay the blame on anything else, we 
would have to say that it was primarily technical errors that resulted in 
those fascial dehiscences. 

Both Drs. Fabian and Feliciano asked when we would consider not 
doing a primary repair. Based on our study, the only patient in a civilian- 
type practice on whom we would give some strong consideration to not 
doing a primary repair would be that patient who has a spinal cord 
injury, because.a colostomy may indeed facilitate this patient’s care in 
the postoperative period. 

Dr. Nance you asked if our results would have been better if we had 
closed more of these patients on whom we ended up doing resection 
and anastomosis. I am not sure the results would have been better. Of 
the 11 patients who had resection and anastomosis, the bulk were left 
colon injuries and most were grade 4 or 5 injuries, using the colon injury 
severity scale. Eight of the eleven were colocolostomies and there may 
have been some leniency used in doing a resection rather than a primary 
repair. Your point is well taken. 

Dr. Feliciano asked about our randomization method. It was based 
on a table of two random numbers. Both surgeon and patient were blinded 
as to the method of repair or diversion until the time of exploration. 
And at that time a card was chosen. Once a card was chosen, no patients 
were subsequently eliminated from the study. 
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EDICAL PRACTICE, in one form or another, is 
M rooted in the dawn of history and has paral- 

leled, reflected, and sometimes influenced 
man’s development. True cognizance and understanding 
of the societal role of surgery require a broad review of 
certain periods in the history of man’s development. Nei- 
ther necessary nor appropriate for this purpose, however, 
is a detailed historical account of surgery, which is avail- 
ablein many other publications.'~** Accordingly, historical 
considerations in this presentation are highly selective, 
with a focus on those personalities and events, including 
the social and cultural settings, pertinent to my thesis that 
surgeons, throughout recorded history, have viewed ob- 
stacles, adversaries, antiscientism, and anti-intellectualism 
as challenges and opportunities for improving their dis- 
cipline by engaging in research, analysis of clinical ex- 
perience, and other intellectual pursuits. 

Recorded history began some 5000 years ago in two 
centers of civilization of nearly equal development situ- 
ated in two of the world’s great river systems: Mesopo- 
tamia, between the Euphrates and Tigris, and the Nile 
Valley of northeastern Africa. Although recorded his- 
tory was sparse in these early civilizations, medicine was 
already well developed, and its practitioners must have 
had a heritage of experience that was handed down by 
precept and word of mouth through earlier, perhaps 
countless, centuries. 


` Medical Papyri 


Such a heritage is reflected in the Edwin Smith Egyptian 
papyrus (Fig. 1), believed by some historians to have been 
recorded between 1600 and 1500 B.C., and intended pri- 
marily for the use of a surgeon.** About the Smith papyrus, 
Ranke* wrote: “That the bulk of the main text goes back 
to the Old Kingdom [believed to have begun circa 3200 
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B.C.] is shown by a great number of glosses. . . added 
to the text of some of the cases, which explains words that 
in the course of time had become obsolete.” Although 
Breasted** dated the Smith papyrus in the 17th century 
B.C., he believed it was a copy of a document at least 
1000 years older. The significance of the Smith papyrus 
lies in the fact that surgery, as a well-defined discipline, 
assumed an important role in earliest recorded medical 
history. The Smith papyrus differs from other medical 
papyri in that it is the oldest in date of origin and the only 
one that deals primarily with surgery, describing a series 
of cases logically arranged, beginning at the head and pro- 
gressing downward. 

The other medical papyri consist essentially of a jumble 
of prayers, incantations, and fanciful prescriptions.” That 
surgery assumed high status at that time is further sup- 
ported by the fact that the first treatise on surgery (dated 
about 2700 B.C.) was written by Imhotep, the Pharaoh’s 
grand vizier (prime minister), whose status and reputation 
became so great that he was eventually declared to be a 
god and was worshiped for many years. Imhotep was the 
architect for the Step Pyramid Saqqara, the first massive 
monument of hewn stone, built in 2650 B.C. for King 
Zoser of Dynasty 3.% Called Ptah (Fig. 2), this god resem- 
bled in many ways the Greek god Asklepios of a much 
later period. Interestingly, while a few medical practitio- 
ners achieved sainthood, only a surgeon achieved god- 
hood. 


Early Egyptian Surgery 


Reflected in these early writings was a high level of 
knowledge, with emphasis on correct diagnosis before ini- 
tiation of treatment. These early Egyptian surgeons placed 
great value on hygiene and personal cleanliness, which 
undoubtedly contributed to the high quality of the surgery. 
The priests, who often functioned as physicians, empha- 
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FIG. 1. Part of the Edwin Smith Papyrus considered to be the oldest 
surgical text in the world. (Courtesy of the National Library of Medicine, 
Bethesda, MD.) 


sized ritual washings several times daily and, to avoid 
bringing dirt into the sanctuaries, had to be both head- 
shaven and circumcised (Fig. 3). Indeed, circumcision, de- 
picted in a carving of the relief at Memphis (about 2200 
B.C.), was one of the earliest surgical procedures. These 
early Egyptian surgeons were equipped with good surgical 
instruments made of flint, and later of bronze, with 
wooden handles, some of which may have been developed 
in connection with mummification (Fig. 4). There was 
also evidence of specialization, which sometimes extended 
to absurd lengths; in the courts of the Pharaohs, virtually 
every organ or illness had its own specialist. There was 
even a doctor who was ranked as “keeper of the royal 
anus.” Some historians believe that such overdevelopment 
and specialization may have hastened a decline in the 
standards of medicine during the last 1000 years of the 
Egyptian empire. 


Mesopotamian Surgery 


In the other cradle of civilization, Mesopotamia, often 
called Babylonia, evidence of physicians also dates as early 
as 3000 B.C. Among the earliest surgeons was Urlugali- 
dina (2300 B.C.), whose seal, displaying two knives to- 
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gether with Gods and plants of biology, can be seen today 
at the Louvre Museum of Paris. Of particular significance 
is the Code of Hammurabi (circa 2000 B.C.),*8 which rec- 
ognized not only a regular medical profession but also 
the practice of some surgery. The Code provided strict 
regulations for the practice of medicine, which was gov- 
ernment controlled, as reflected in these excerpts by 
Charles Edwards: 


If a doctor has treated a Freeman with a metal knife for a severe 
wound, and has cured the Freeman, or has opened a Freeman’s 
tumor with a metal knife, and cured a Freeman’s eye, then he shall 
receive ten shekels of silver. 

If a man’s slave, the owner of the slave shall give two shekels of 
silver to the doctor. 

If a doctor has treated a man with a metal knife for a severe 
wound, and has caused the man to die . . . his hands shall be 
cut off.” 





FIG. 2. Gold-painted wooden figure of Egyptian god, Ptah. (Courtesy of 
the Metropolitan Museum of Art, New York, NY.) 
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FIG. 3. Egyptian frieze of cir- 
cumcision (circa 2200 B.C.). 
(Courtesy of AS Lyons and 
RJ Petrucelli,? Harry N. 
Abrams, Inc., New York, 
NY.) 


FIG. 4. Early Egyptian medical instruments. 








Early Indian Surgery 


Further evidence of the role of surgery in the early his- 
tory of man appears in the Indian Susruta-samhita or 
“The Collection of Sugruta.’*"*' Although the exact dates 
of his lifetime are not known, most historians have placed 
him as early as 400 B.C. His philosophy has a somewhat 
modern perspective, as expressed in his Samhita: “A phy- 
sician, well versed in the principles of the science of med- 
icine [Ayur Veda] but unskillful in his art through want 
of practice, loses his wit at the bedside of his patient,. . . . 
On the other hand, a physician, experienced in his art but 
deficient in knowledge . . . is condemned by all good 
men as a quack, and deserves capital punishment at the 
hands of the king. Both these classes of physicians are not 
to be trusted, because they are inexpert and half-educated. 
. . . A physician well versed in the principles of surgery, 
and experienced in the practice of medicine, is alone ca- 
pable of curing distempers, just as only a two-wheeled 
cart can be of service in a field of battle.” Such a statement 
gives lie early to the fallacious modern labeling of surgery 
by some as a noncognitive discipline. 

Susruta emphasized proper surgical instruments, having 
described some 125, including tongs, hooks, forceps, sharp 
scalpels, needles and thread, rectal speculum, and magnets 
for removal of foreign bodies. He described extensively 
various types of bandages and dressings, as well as surgical 
procedures, such as lithotomy, amputations, ophthalmic 
operations (especially for cataract), hemorrhoidectomy, 
alloplasty, operations for fistulae-in-ano, and rhinoplasty 
(Fig. 5). 
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FIG. 5. Drawing from Suśruta showing method of nose restoration. 
(Courtesy of AS Lyons and RJ Petrucelli,”? Harry N. Abrams, Inc., New 
York, NY.) 


Greek Surgery 


The rise of Western surgery had its origin in the peoples 
of Greece and Asia Minor. The Homeric poems, the //iad 
and Odyssey, provide the oldest source of knowledge 
about Greek medicine.*” Believed to have been composed 
around 700 B.C., these epics may be based on events and 
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customs five or six centuries earlier. Asklepios was well 
established at this time as the god of medicine. According 
to Greek mythology, Asklepios was killed by Zeus after 
Hades, god of the underworld, became angry at the de- 
clining death rate, for which he blamed Asklepios and 
complained to Zeus that Asklepios was responsible for it. 
Asklepios was subsequently worshiped as the doctor’s di- 
vinity. The cult of Asklepios spread across all Greece and 
even to Rome by 293 B.C., with more than 200 temples. 

During this same period, a more scientifically oriented 
medical philosophy was emerging. The more theoretical 
education held to the theurgical idea that illness was a 
divine punishment, but the nonpriestly assistants of the 
Asklepiads, whose large experience with patients allowed 
them practical observations, began to accept a more nat- 
ural scientific way of thought. The initial medical school 
of importance established by these secularized Asklepiads 
was founded around 700 B.C. at Cnidos in Asia Minor. 
They completely abandoned theurgical medicine and 
based their diagnoses on bedside observations. A tumor 
was considered by them to be a malignant growth and 
not a visitation from some angry god. 


Hippocrates 


About 100 years later, this Cnidian school acquired a 
competitor on the nearby Aegean island of Cos (Fig. 6). 
The leader was a Greek physician named Hippocrates, 
who was born on the island of Cos about 460 B.C. and 
has since been honored as the “father of medicine”. Some 
questions have been raised regarding the authenticity of 
the 72 medical works known as the “Hippocratic Corpus” 
or “Collection.”’ Most scholars believe that Hippocrates 
wrote some of them and that a circle of doctors of Cos 
wrote some during his lifetime or shortly afterwards.***** 

The greatest significance of these Hippocratic writings 
lies in the fact that they repudiated the old theurgical and 
philosophic medicine and stressed the naturalistic ap- 
proach, with great emphasis on observation of disease 
processes. Accordingly, medicine was considered a sys- 
tematic science. Internal medicine was combined with 
surgery, and, in fact, the books on surgery in the Corpus 
Hippocraticum, believed to be the very ones written by 
Hippocrates, are generally regarded as its best section. His 
meticulous attention to details is evident from the follow- 
ing quotations from Hippocrates’s writings on surgery: 
“What concerns surgery are the patient, operator, assis- 
tants, and instruments; the light. . . . The nails should 
be cut to the fingertips. A surgeon must learn to use his 
fingers through assiduous practice. The index finger and 
thumb are especially important. They must be trained in 
all kinds of work, individually as well as together: they 
should function well, elegantly, rapidly, easily, cleanly and 
immediately.” These books on surgery also indicate that 
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FIG. 6. Bust of Hippocrates. (Courtesy of the National Library of Med- 
icine, Bethesda, MD.) 


great skill was applied in the treatment of wounds, frac- 
tures, and dislocations, as well as in operations for fistulae- 
in-ano, hemorrhoids, trephining of the skull, and drainage 
of empyema. According to Allbutt,*° “The chief lesson of 
the Hippocratic period for us is that, in practice as in 
honour, medicine and surgery were then one. The Greek 
physician had no more scruple in using his hands in the 
service of his brains than had Pheidias or Archimedes; 
and it was by this co-operation that in the fifth century 
an advance was achieved which in our eyes is marvellous 
[sic]. As we pursue the history of medicine in later times, 
we shall see the error, the blindness, and even the deg- 
radation of the physicians who neglected and despised a 
great handicraft.” 


Alexandria 


The second great peak of Greek medicine was reached 
in the third century B.C. in Alexandria, which was 
founded by Alexander the Great after he defeated Darius 
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III, the Persian king, and thus opened the way to Egypt. 
During this period, Aristotle, who was a teacher of Al- 
exander the Great and founded his famous Lyceum, was 
a great creative thinker. He was especially interested in 
zoology and anatomy and often conducted dissections. 
He is considered to be the father of comparative anatomy, 
and his view of anatomic findings dominated medical 
thinking for 500 years, indeed until the time of Galen. 

In addition, two important contributors to the Alex- 
andrian school of surgery were Erasistratus and Hero- 
philus.'* The former, who studied and wrote on the heart 
and lymphatics, was interested in function, experimented 
in the field of digestion and circulation, describing the 
bicuspid and mitral valves, and apparently was aware of 
cardiac contractions and dilations. Herophilus was an able 
surgeon and contributed to the science of anatomy, with 
particular interest in the nervous system. He is generally 
considered the founder of anatomy. 

The third peak in Greek medicine developed in Rome 
in the early centuries of the Christian Era and was sym- 
bolized by Galen.*°~*’ Before Rome conquered Greece in 
146 B.C., medicine and surgery had a low status in Italy 
for several reasons. For one thing, most of the doctors 
were Greeks, whom the Romans despised. A Roman cit- 
izen considered a doctor’s work beneath him. This was 
clearly revealed by the note made by Pliny the Elder, that 
because Romans had gotten along without physicians for 
more than 600 years, they should be able to survive with- 
out “the cult of Aesculapius.” He stated that, “Medicine 
is the only one of the arts of Greece, that, lucrative as it 
is, the Roman gravity has hitherto refused to cultivate. It 
is but very few of our fellow-citizens that have attempted 
it, and so soon as ever they have done so, they have be- 
come deserters to the Greeks forthwith.”””” 


Celsus 


Some Romans were willing, however, to write about 
the practice of healing, as, for example, Aulis Cornelius 
Celsus in his De Re Medica Libri Octo (“Eight Books on 
Medicine”) published in 30 A.D., which provides an ex- 
tensive picture of surgical art during the first century of 
the Christian era.°! In his VIIth and VIIIth Books, there 
is evidence that surgery and midwifery had made consid- 
erable progress since Hippocrates and the Alexandrian 
School. Celsus described fully the techniques for lithot- 
omy, piles, fistula, ulcer, fractures, luxations, excision of 
tumors, hernia repair, and certain plastic surgery proce- 
dures. Wound management was similar to that of Hip- 
pocrates. Ligatures were applied above and below the 
bleeding vessels, and amputation of larger limbs were done 
for the first time, but only in extreme need. He warned 
the surgeon not to use the suture until the depth of the 
wound had been cleansed and cautioned that no clot 
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should remain, for this turns into pus, excites inflam- 
mation, and prevents union. He regarded surgery as an 
integral part of medicine and protested strongly against 
the tendency to separate them. 

By that time, surgery was considered a science, not a 
handicraft. Celsus expressed the relatively high status of 
surgery thus: “And even in the cases where we count most 
on medicaments, it is evident not only that they often fail 
to restore health, but that health often returns without 
them. Whereas in the surgical branch of medicine, one 
can see that every successful cure, however supported to 
some degree by the other branches, is due primarily to 
the manual treatment.’”! 


Galen 


The most influential figure in ancient medicine besides 
Hippocrates was Galen (130-199 A.D.). For almost 15 
centuries, Galen’s views reigned over European medi- 
cine.*°*??->4 Not until 1543 did Vesalius rectify Galen’s 
anatomic errors, and only in 1628, when Harvey discov- 
ered the circulation of the blood,’ was Galen’s faulty 
physiology abandoned. Galen’s father, who yearned for 
the son to become a great doctor, sent him first to teachers 
of the Hippocratic school and then to medical school in 
Smyrna, Corinth, and Alexandria. In 158, on his return 
to Pergamon, he became physician to the gladiators and 
learned much practical surgery. In 162, he returned to 
Rome, where he again attended the gladiators, lectured 
actively, published profusely (more than 400 works), and 
became personal physician to the emperor, Marcus Au- 
relius. 

Because autopsies were forbidden in Rome, Galen 
never dissected a human body. Instead, he based his anat- 
omy on dissection of animals (Fig. 7) and was therefore 
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sometimes in error. His physiology, based on his anatomy, 
was also, naturally, sometimes faulty. Yet his contribu- 
tions to medical science cannot be gainsaid. He cautioned 
against cutting the laryngeal nerve and showed that urine 
flowed from the kidneys through the ureters to the bladder. 
Galen’s surgery was based largely on the Hippocratic and 
the great Alexandrian anatomical and medical schools. 
He applied the ligature in amputations and stated that he 
obtained his “Celtic linen thread,” which he used for this 
purpose, “‘at a shop in the Via Sacra between the Temple 
of Rome and the Forum,” a shop near his own home.*° 

More important than his achievements in surgery, 
however, were those in pathology and internal medicine, 
a further refutation of the myth that all surgeons are tra- 
ditionally technicians, not creative thinkers. His work was 
concerned with all phases of medicine, as well as surgery, 
with detailed instruction on the use of surgical tools. 
Within the range of his interest was the preparation of an 
anatomical treatise, more complete than any previously 
attempted, together with observations and speculation as 
to function. His physiologic views are based, in significant 
part, on actual animal experimentation and brought him 
additional fame as founder of experimental physiology. 

Galen’s tremendous posthumous influence, which 
dominated medicine for more than 14 centuries, can be 
ascribed in large part to the treatise entitled “On the Utility 
of Parts.’’** It carries the philosophic principles of Aristotle 
to the extreme, where it closely resembles a religious 
dogma, explaining that only a thoughtful Creator could 
have designed each part of the human body for the very 
function for which it was intended. 

Galen’s everlasting monuments were his remarkable 
scientific achievements and a large body of writings he 
left behind, including descriptions of surgical procedures 
on various parts of the body (Fig. 8). These became can- 
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FiG. 7. Frontispiece of a collection of Galen’s works published in 1565 showing Galen dissecting a pig. (Courtesy of the National Library of Medicine, 


Bethesda, MD.) 
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FIG. 8. Clinic scene from the Venetian editors of Galen’s works published 
in 1550, showing surgical procedures described by Galen on the head, 
eye, leg, mouth, bladder, and genitals. (Courtesy of the National Library 
of Medicine, Bethesda, MD.) 


onized in later centuries to the point that disagreement 
with them was tantamount to heresy, and the posthumous 
reverence extended to him far surpassed his contemporary 
fame. The concomitant arrest of all medical thinking to 
conform with Galenical concepts seriously impeded sci- 
entific progress. 

Although Galen was the dominant figure of his era in 
all of medicine, one of his contemporaries, Antyllus, as- 
sumed an important role in the field of surgery. Little is 
known about his life except that he lived during the first 
half of the second century A.D. His works have been lost, 
but they are presented in the writings of Oribasius.°° Ob- 
viously a highly skilled and experienced surgeon, he gave 
precise description for a number of individual operations. 
Moreover, he gave specific direction regarding the indi- 
cations and contraindications, as well as complications, 
of operations. Among these operations were tracheotomy, 
extraction of cataracts, fistulas, phimosis and hypospadia, 
and plastic surgery for alleviation of defects on the eyelids, 
ear, and nose. His operation for aneurysm was his most 
remarkable achievement; it remained the standard pro- 
cedure for 16 centuries, indeed, until it was modified by 
Hunter and Matas. The operation consisted of ligating 
the artery above and below the aneurysm and then open- 
ing the aneurysm and evacuating its contents. He gave 
detailed and precise instruction concerning its perfor- 
mance. He also advised against operating on certain types 
of aneurysm of large volume but recommended the pro- 
cedure for aneurysms in the extremities. Another impor- 
tant surgeon during this period was Soranus of Ephesus, 
whose treatise on “Diseases of Women” is regarded as a 
classic.’ 
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Byzantine Surgery 


The Byzantine Empire began in 330 A.D. after the Ro- 
man Emperor Constantine the Great made Byzantium 
the capital of the Roman Empire and renamed it Con- 
stantinople. This period came to an end in 1453, after the 
Turks captured Constantinople, later named Istanbul. 

Byzantine medicine (and surgery), which derived from 
the Greeks, contributed greatly to medieval scholarship.”” 
The first to compile an encyclopedia of Greek medicine 
was Oribasius (325-403 A.D.), personal physician to Ju- 
lian the Apostate. The 70 volumes of his Synagoge com- 
prised the best in Greek and Roman medicine.” 

Although the status of surgery was not greatly enhanced 
during this period, there is some evidence that it did not 
regress. Indeed, reports of some technical procedures re- 
flect reasonably good knowledge of anatomy and bold 
adventureousness. This is demonstrated by the writings 
of Aetius of Amida, during the seventh century on De 
vasorum dilatatione (On the Dilatation of the Vessels). 
which is now in the Vatican Library.°*°? It deals with 
aneurysms and suggests that the author had some knowl- 
edge of the Antyllus operation, as evidenced by the fol- 
lowing passage: 

An aneurysm located in the bend of the elbow is treated thus. 
First we carefully trace the artery leading to it, from armpit to elbow, 
along the inside of the upper arm. Then we make an incision on 
the inside of the arm, three or four finger-breadths below the armpit, 
where the artery is felt most easily. We gradually expose the blood- 
vessel and, when it can be lifted free with a hook, we tie it off with 
two firm ligatures and divide it between them. We fill the wound 
with incense and lint dressing, then apply a bandage. Next we open 
the aneurysm itself and no longer need fear bleeding. We remove 
the blood clots present, and seek the artery which brought the blood. 
Once found, it is lifted free with the hook, and tied as before. By 


again filling the wound with incense, we stimulate good suppura- 
tion.*® 


Paul of Aegina (607-690), the last of the classical By- 
zantine physicians, was a contemporary of emperor Her- 
aclitus I and wrote an Abridgement of Medicine in Seven 
Books, which remained a bible for surgeons for a long 
time.®’ Translated into Arabic, it was the basis of the Ar- 
abian age of medicine, and leading Arab writers like Al- 
bucasis adopted almost verbatim Paul’s sixth book, on 
surgery. 

In his historical assessment of Byzantine surgery, 
Bliquez®! stated that the Byzantines were generally con- 
sidered to have originated little but to have passed on a 
great deal. His own studies of Byzantine surgery bore out 
this conclusion. The fact is that dissection of the human 
body was practiced continually, suggesting that surgeons 
were directly acquainted with human anatomy, and this, 
according to Bliquez, was probably a significant factor in 
preventing Byzantine surgery from sliding backward. A 
careful review of the surgical instruments representing this 
period provided Bliquez with “the firmest evidence at 





$ 


aT FS ty 7ST = 






506 


hand that most of the major surgical tools employed by 
Paul and his predecessors (and therefore most of the op- 
erations for which they were used) were in use from at 
least the Macedonian dynasty through the Comneni. It 
appears, therefore, that the state of surgery did not decline 
significantly in the Middle Byzantine Period. It may be 
that in some respects it even advanced a bit.”®! 

A final commentary about the Byzantine Period is con- 
cerned with the development of hospitals beginning in 
the third century and evolving into a well-organized 
structure and facility for the care of the sick. 

In a letter addressed to the Governor of Cappadocia, 
in Asia Minor, Bishop Basil of Caesarea (370-379) referred 
to several lodges or inns that he had built outside his city 
to serve strangers, both those passing through and those 
needing care for illness. Basil hired nurses and doctors.°” 

John Chrysostom, Bishop of Constantinople (398-404) 
opened similar institutions in the capital. His biographer, 
Palladios, called these philanthropic houses “nosoko- 
meia,” places to care for the sick. To staff them, John 
appointed two priests as directors and hired physicians, 
cooks, and servants. Although Palladios adds that these 
institutions served both those stricken with disease and 
the strangers, the term nosokomeion, derived from nosos 
(disease), suggests that the care of the sick predominated 
in these foundations. According to Miller,°? by the end 
of the fourth century, philanthropic Christian institutions 
began offering hospital services to the poor. Within the 
next several centuries and by the reign of Justinian, hos- 
pitals stood at the center of the medical profession in the 
Byzantine Empire. Staff physicians, including surgeons, 
were assigned to these hospitals and had a hierarchal order. 
They also had time for private practice. 


Arabic Period 


With the disintegration of the Roman Empire and the 
rise of the political and military power of Islam, the Mo- 
hammedan Empire, beginning in the seventh century, 
spread through the Near and Middle East into North Af- 
rica, Spain, and part of France and assumed cultural lead- 
ership in virtually all fields of endeavor, particularly phi- 
losophy, mathematics, science, and medicine. This lead- 
ership it maintained until the Renaissance. The Arabs 
had inherited much Greco-Roman knowledge and culture 
well before the founding of Islam. As early as 76 A.D., 
Jews had fled to Arabia when the Romans destroyed Je- 
rusalem. In the fifth century, the Nestorian Christians, 
who had been expelled from Constantinople in 431 A.D., 
had settled in Edessa in Mesopotamia but later were driven 
away to Gundishapur in Persia (where they founded an- 
other hospital).°* 

Some historians have stated that Arabic medicine 
“contributed no original or novel ideas”? and served 
principally as compilation and preservation of their 
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GrecoRoman inheritance. Because surgery was held in 
low esteem, its status declined and many of the surgical 
procedures used at that time, such as cutting, bandaging, 
cauterizing, and cupping, were performed by untrained 
laymen or folk doctors and charlatans. Of interest is the 
statement made some centuries later by Guy de Chauliac 
that “. . . one finds that until [Avicenna]. . . all were 
physicians and surgeons combined, but since then, 
whether because of delicacy or because of too great a 
preoccupation with cures, surgery has become separated 
and abandoned to the hands of mechanics.’ 

The fact remains, however, that there were some out- 
standing physicians who practiced surgery and wrote 
about their observations and experiences. Among these 
the most important were Rhazes® and Avicenna” in the 
eastern caliphate and Albucasis, Avenzoar,®? and 
Maimonides” in the western caliphate. Abu Bakr Mu- 
hammed ibn Zakaria Al Razi (852-925), known as 
Rhazes, wrote brilliant, and perhaps the first accurate, 
descriptions of measles, smallpox, and other diseases. 
Although his medical views were influenced by Hippo- 
crates and Galen, his erudition was broad and deep, and 
he demonstrated considerable originality. His A/ Hawi 
was a 25-book encyclopedia of medicine and surgery.®° 

Perhaps the most influential Arabic contributor to 
medicine was Avicenna (abu-Ali al-Husayn ibn-Sina, 980- 
1037), whose status in Islam as well as Christendom was 
equal to that of Galen. He was apparently a boy prodigy, 
having mastered the Koran at the age of 10 years, and he 
wrote a scientific encyclopedia at twenty-one years. The 
most famous of his approximately 100 books was The 
Canon (Al-Qanun) (Fig. 9), which constituted the basis 
for medical ideas and procedures as well as the curriculum 
for Christian universities for hundreds of years, indeed 
until the mid-!7th century. Unfortunately, his attitude 
toward surgery—a necessary evil—remained popular and 
probably helped to influence the decline of surgery. 

Perhaps the most important Islamic surgeon was Al- 
bucasis (Abul Qasim al-Zahrawi, 936-1013), whose en- 
cyclopedic Al Tasrif (The Method), the first illustrated 
and systematic text, greatly influenced the Christian 
West.°* Guy de Chauliac (1300-1380), for example, used 
some 200 quotations from him. His work contained many 
illustrations of surgical instruments, and he was obviously 
a skilled surgeon who advanced the teachings of Paul of 
Aegina and others. He embraced surgery as a worthy art, 
revealing a cautious, ethical, and thoughtful approach, in 
contradiction to the prevalent attitude of Arabic medicine 
to relegate surgery to an inferior status. 

Although the preservation of Greco-Roman medicine 
was the greatest contribution of Islam to medicine, the 
Islamic thinkers and the Christians, Persians, Jews, and 
others who lived in the Mohammedan Empire (sometimes 
referred to as “‘Arabists’” because their writings were 
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FIG. 9. Canon of Avicenna. 
(Courtesy of the Biblioteca 
Universitaria, Bologna, 
Italy.) 
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mostly in Arabic) added much to their Greco-Roman 
heritage. Through their translations, they bridged Arabic 
and Latin learning and thus returned Greek work to the 
Christian West. Another and equally important contri- 
bution of Islamic medicine was its establishment of the 
hospital system. Whereas there were a few Christian hos- 
pitals in the West compared to the Islamic hospitals, they 
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were inferior in facilities, organization, sanitation, and 
medication. Among the best Islamic hospitals were those 
at Baghdad (9th and 10th centuries), Damascus, and 
Cairo. Rhazes taught and practiced in the hospital in 
Baghdad, where he collected clinical reports for teaching. 
The hospital-medical school in Damascus was known for 
its elegant rooms and extensive library. The Al-Mansur 
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Hospital in Cairo, founded in the 13th century, was con- 
sidered the largest and most magnificent, with separate 
wards for different diseases. ’' 


Medieval Medicine (476-1453) 


The Medieval period or The Middle Ages (also some- 
times called the Dark Ages) spanned the millenium, be- 
ginning, according to most historians, with the fall of 
Rome to the Goths in 476 and ending with the fall of 
Constantinople to the Turks in 1453, or when printing 
was discovered in 1440. Although some great constructive 
activities occurred during this period, as exemplified by 
the building of great cathedrals in Europe and the found- 
ing of great universities, in science and medicine there 
was progressive deterioration of the intellect. 

The decline in medicine and particularly in surgery has 
been attributed to a number of factors. Included among 
these were the unsettled conditions of this period as a 
consequence of marauding conquerors and warring fac- 
tions that produced a longing for certainty and authority.” 
This was met to a large extent by the rising domination 
of the church producing what some historians term “the 
Age of Faith.” Although Galen was not a Christian, his 
teleologic reasoning was embraced readily by the Christian 
Church. Moreover, his dogmatic, didactic, and pedantic 
style, along with his encyclopedic codifications integrating 
all previous knowledge, provided a ready source of med- 
ical information. In addition his name was enshrined by 
subsequent compilers and commentators of high repute 
such as Oribasius,~° Aetius,°°°? Alexander of Tralles,” 
and Paul of Aegina.°’ With the Church crushing any op- 
position to its dogma and the acceptance of Galen as the 
fountainhead of all medical knowledge, new ideas were 
considered heresy, and so religious medicine returned, 
with illness interpreted as retribution from heaven. Since 
the cure depended on God’s will, operations did not seem 
worthwhile. Autopsies were absolutely forbidden, and hy- 
giene was nonexistent. Surgery suffered tremendously. 

Christ’s healing mission became institutionalized, and 
in some areas such as Paris, rigidly fixed by sacrodotal 
scholastics, it was to control medical care for centuries. 
In the statutes founding his order at the monastery on 
Monte Cassino (on the site of the ancient temple of 
Apollo), St. Benedict of Nursia encouraged the care of 
the sick, but because the cure of disease was possible only 
through prayer and divine intervention, St. Benedict for- 
bade the study of medicine.” 

Still another important factor that influenced the de- 
cline in the status of medicine (and surgery) was the ha- 
giolatry that characterized the early part of the Middle 
Ages and was subsequently strengthened by the Church. 
Indeed, miracles became an important mainstay of the 
growth and development of the Church, and those deemed 
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to be particularly holy were considered intercessors for 
these actions. While St. Luke was himself a physician, the 
most famous of all medically inclined saints were probably 
St. Cosmas and St. Damian, Arab twins who became the 
special patrons of surgery because of their miraculous op- 
erations.’ 77 One legend was that they appeared post- 
humously to amputate a cancerous leg and replaced it 
with one taken from a Moor who had just died (Fig. 10). 
This feat has been portrayed many times by artists such 
as Andrea Mantegna and can be seen today in the Anti- 
phonarium S. S. Cosmae at Damiani in London. Later 
in the Middle Ages, there developed an increasing number 
of saints associated with relief from a single disease or 
condition. Thus, St. Christopher, considered a patron of 
travelers, also was called on to deal with the plague and 
sudden death; St. Anthony gave protection against ery- 
sipelas; St. Margaret of Antioch became the patron of 
women in childbirth; St. Erasmus offered protection 
against seasickness and stomach ulcers. 





FIG. 10. Sts. Cosmas and Damian, the martyred Arab twin physicians, 
performing the famous posthumous miracle: replacement of a sacristan’s 
gangrenous leg with that of a dead Moor. (Courtesy of Dr. James Young.) 
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The Salerno School 


In western Europe during the Middle Ages, medicine 
in general and surgery in particular assumed low status. 
For this reason, the establishment of the Salerno School, 
or Civitas Hippocratica as it became known, assumed 
great significance.” Although the exact date of its estab- 
lishment is uncertain and although the legend concerning 
its origin is probably apocryphal, there is recorded evi- 
dence that it had become highly regarded by the ninth 
century. Differing from almost all other universities, it 
was purely secular and therefore not under ecclesiastic 
control. Its rapid expansion and flowering during the 12th 
century was encouraged by the wisdom of its rulers after 
the Norman conquest of southern Italy.’”~*! 

The medical students at Salerno received training in 
medicine and surgery, although the period of time was 
longer for medicine. A small group of these students com- 
pleted the entire course of medicine and then became 
surgeons. Since there were few places in the medieval 
world where this combination occurred, there were only 
a few university-trained surgeons, among them Hugo of 
Lucca,!’ Theodoric,*” William of Salicet,** Arnold of Vil- 
lanova, Lanfranc,’ and Pitard.*° Although Hugo of 
Lucca left no written record of his work, his achievements 
are known from the writings of his disciple, Theodoric 
(1205-1296), who was thought by some to have been his 
son. Although the university-trained surgeons were few, 
they constituted the basic development of European Sur- 
gery and thus enhanced the status of surgery. 

The secular medical school established at Salerno 
flourished from about 1000 A.D. until the 13th century. 
Probably the first legitimate degree for physicians, which 
was introduced by Roger II, was awarded by this school. 
His grandson Frederick II, Holy Roman Emperor, estab- 
lished an examination with standards of knowledge that 
ranked medicine together with surgery. Surgery, having 
been reduced to a lowly handicraft under earlier Roman 
and subsequent Arabian domination, now entered reha- 
bilitation. Not only had the Arabs lacked interest in sur- 
gery, but the European priests, according to canon law, 
immediately lost their jobs if they caused anyone’s death 
during surgical treatment, and therefore were frightened 
from operating. 

One of the men who helped develop the Salerno School 
into the leading European center of medical education 
was Constantine, known as “Africanus.” His translations 
of Greek and Arabic texts into Latin fashioned the Salerno 
School’s curriculum, and thus spread Arabian medical 
knowledge, as well as that gained from the classic Greco- 
Roman period, to the West. The only other educational 
center of similar repute was Montpellier in France, near 
the border of the Arabs’ western caliphate. The 20 volumes 
of the “Royal Book,” A/-Maleki by Ali Abbas, a handbook 
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of all of medicine, was called Pantegni (“The Total Art”) 
by its translator, Constantine.’ Constantine revived Hip- 
pocrates and Galen, long forgotten in Italy. 

The teachers of the Salerno School began producing 
their own writings, at first about internal medicine and 
medical ethics, in the Arabian tradition. Of great signifi- 
cance were the surgical books produced at Salerno, based 
primarily on the surgeons’ personal experiences. Although 
they still did not dare dissect human bodies, they studied 
the anatomy of pigs, and they observed the findings of 
the otherwise spurned cataract-knitters, hernia-carvers, 
and lithotomists. From a combination of these clinical 
skills, clinical knowledge, and lessons from Greece and 
Arabia developed a sound surgery, and Salerno became 
the cradle of modern Western surgery. 

Salerno’s first great surgeon was Ruggiero Frugardi 
(Roger of Salerno), who wrote Cyrurgia Rogerii* (1170 
A.D.) (Fig. 11), called the first independent surgical work 
in the Western world. The book spread throughout Eu- 
rope. 


Salerno’s Successors 


After Roger’s death, medical leadership moved from 
Salerno to Bologna, with its large university. The medical 
school’s founder, Ugo di Borgognoni, sometimes called 
Ugo or Hugo of Lucca (1160-1257),'? and his disciple 
Theodoric (1205-1296), denied that healing of wounds 
required pus formation, as promulgated by Roger and his 
apprentice Roland. “Such a practice,” Theodoric main- 
tained in Chirurgia (1267), “is indeed to hinder nature, 
to prolong the disease and to prevent the conglutination 
and consolidation of the wound.”®? 

The other most important surgical text of this period, 
besides that of Roger of Salerno, was the Cyrurgia by 
Guglielmo da Saliceto, known as William (1210-1280),** 
who argued that any distinction between medicine and 
surgery was absurd: the surgeon was merely a doctor who 
treated with his hands. 


Three Great Frenchmen 


Guido Lanfranchi, known as Lanfranc (d. 1315) (Fig. 
12), the founder of surgery in France, was born in Milan 
and educated by William of Saliceto. In 1295 he moved 
to Paris, having been driven from Italy by the urgencies 
of civil war, and became affiliated with the independent 
college of Saint-Come, which, according to historians, was 
established around 1240 and was independent of the Uni- 
versity of Paris. Subsequently, it became the examining 
body for the lay surgeons of Paris. By bringing to France 
the great attainments of Italian surgery, he advanced 
French surgery toward leadership for several centuries. 
He finished writing his Chirurgia magna in 1296.5 Ad- 
ditional evidence that Lanfranc’s influence in the en- 
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FIG. 11. A page in the manuscript of Roger of Salerno’s Chirurgia showing 
various treatments of wounds. (Reprinted with permission from the 
British Library, London, UK.) 


hancement of surgery went beyond the borders of France 
is exemplified by one of his pupils, a Flemish physician 
named Yperman, who subsequently became known as 
the father of Flemish surgery and, like Vesalius, holds a 
special place in Belgian medicine. In his La Chirurgie,8*” 
Yperman followed the teachings of Lanfranc and de- 
scribed in detail the indications and technique of ligature 
of arteries. Lanfranc subscribed to his mentor William’s 
view: “Oh Lord,” he wrote, “why is there so great a dif- 
ference between a surgeon and a physician? But the phi- 
losophers have taken the craft in laymen’s hands. Or as 
many men have disdain for to work with their hands. 
And yet many men ween that it is impossible for one man 
to know both the crafts. But thou shalt know well this, 
that he is no good physician that knows nothing of surgery, 
and the contrary thereof, a man may be no good surgeon 
if he knows no physic.””' He became the personal phy- 
sician of Philip the Fair, a post that was next filled by one 
of France’s most illustrious surgeons, Henri de Mondeville 
(1261-1320). 

A student of Theodoric’s, Henri carried further his 
mentor’s doctrine about the care and hygiene of wounds. 
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Like Theodoric, he vigorously denounced the concept of 
“laudable pus,” despite severe criticism. In his instruction 
on wound management, he emphasized washing the 
wound to remove all foreign matter and to avoid applying 
oily or irritant matters. “Wounds,” he stated, “dry much 
better before suppuration than after it.” He cautioned 
against the cautery for control of hemorrhage, and for 
large vessels he advised the use of the ligature. Unfortu- 
nately, the vigorous message of Theodoric and Henri con- 
cerning wound management and the promotion of healing 
by first intention went unheeded and the “advocates of 
suppuration won all along the line; and for centuries to 
come poultices and grease were still to be applied to fresh 
wounds; and tents, plastered with irritants to promote 
suppuration, were still to be thrust into the recesses of 
them, even when there was no foreign matter to be dis- 
charged.”** His book Chirurgie (?1306-1320) was the first 
surgical textbook by a native Frenchman and made France 
the world leader in surgery. Henri, while acknowledging 
that many of Galen’s teachings were correct, asserted that 
“God surely didn’t use up all genius on Galen.”’* 
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FIG. 12. Wood engraving of Lanfranc. (Courtesy of the National Library 
of Medicine, Bethesda, MD.) 
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The third great medieval French surgeon, Guy de 
Chauliac (d. 1368), produced a textbook, La Grande Chi- 
rurgie,°* which, except for that of Hippocrates, was pro- 
claimed to have no other of equal value. Both Garrison!” 
and Allbutt*? have accused Guy de Chauliac of retarding 
the management of wounds for centuries by his rejection 
of the nonsuppuration methods, but this view is not shared 
by Zimmerman and Vieth,” nor, according to them, by 
his definitive biographer, Nicaise.°* A careful reading and 
interpretation of his chapter on wounds suggests his gen- 
eral support of primary intention, his indications for the 
use of sutures and bandages, as well as the indications for 
drains and packs. During Guy de Chauliac’s residence in 
Avignon, the Black Death struck in two epidemics, and 
to his credit and that of other surgeons, he stayed and 
cared for the victims of the plague when most of the phy- 
sicians fled. His graphic description of the epidemic, which 
appears under the title, “The Great Mortality of 1348 and 
1360,” is one of the earliest records of the ravages of the 
bubonic plague. Guy himself contracted the disease, as 
he described, but recovered after 6 weeks. The methods 
of Guy de Chauliac dominated surgery in France until 
Vesalius and Paré revised them some 200 years later. 


Influence of the Church 


As previously stated, the decline in the status of surgery 
in medieval Europe has sometimes been attributed to the 
Church. Even in pagan Rome, however, there was a ten- 
dency to separate medicine and surgery, with the latter 
being considered a lower caste occupation. Certain atti- 
tudes and policies of the Church, however, were said to 
exert a demeaning influence on the practice of surgery. 
Although some historians have contended that surgery 
was forbidden to the clerics by the Council of Tours (1163) 
on the basis that, “The Church abhorreth bloodshed” 
(Ecclesia abhorret a sanguine), de Moulin labeled this 
Latin phrase “a literary ghost,” since it could not be found 
in the text of the Council of Tours.” A binding prohibition 
to that effect, however, was detailed by the Fourth Lateran 
Council in 1215, as well as the Council of Nimes (1284), 
Wurzberg (1298), and Bayeux (1300): “Let no subdeacon, 
deacon, or priest exercise any act of surgery which exten- 
deth to cautery or incision.”!**°.”° 


Barber-Surgeons 


The significance of these policies and edicts lies in the 
fact that, more often than not, the institutions in which 
an education could be obtained were operated by the 
Church. Thus, in the medical school of the University of 
Paris, surgical instruction was inhibited. This ultimately 
led to a professional caste system in Paris, consisting of 
physicians, surgeons of the long robe (licensed by the Col- 
lege of Saint-Céme), surgeons of the short robe or barber- 
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surgeons (Fig. 13), and lithotomists or oculists. The in- 
troduction of the barbers into the hierarchy of medicine 
appears to have had its origin with the ecclesiastic custom 
that required shaving of the crown of the head and later 
periodic, and supposedly prophylactic, phlebotomy. After 
the College of Saint-Céme, which was founded by a con- 
fraternity of surgeons in Paris and named after St. Cosmas, 
obtained the privilege of surgical licensure, the physicians, 
jealous of the growing influence of this group, encouraged 
untrained barbers as creatures of their own and even hired 
them to perform various procedures, such as routine 
“prophylactic” phlebotomies so popular at that time, 
tonsorial work, and operating baths. These barber-sur- 
geons were called surgeons of the short robe in contrast 
to the surgeons of the long robe. 

A surgeon of the short robe, and barber of King Charles 
V (Charles the Wise, 1337-1380), who was master of the 
guild of barbers, persuaded the King to issue an edict 
permitting them to treat wounds and sores and forbidding 
surgeons to interfere with them. The relative status of 
these three kinds of medical practitioners is reflected in 
the following order issued by King Charles V during an 
epidemic of the pest in 1383: There “shall be selected to 
visit the sick four physicians, two surgeons, and six bar- 
bers, and the fees of the doctors shall be three hundred 
livres, of the surgeons one hundred and twenty livres, and 
of the barbers eighty livres.””° It is thus apparent that there 
is nothing new or original in the current concept of the 
Resource-Based Relative-Value Scale (RBRVS) promul- 
gated by the Harvard School of Public Health. 


Medieval English Surgeons 


John of Mirfield, chaplain at Saint Bartholomew’s 
Hospital in London, was also a librarian and an un- 
schooled, amateur doctor. His Breviarium Bartholomei, 
a collection of original works by authorities such as Galen 
and Guy de Chauliac, was interspersed with his own notes 
about treatment and prognosis. In his F/orarium Bartho- 
lomei, he pointed out, like Lanfranc in France, the fallacy 
of making a distinction between physicians and surgeons: 
“Long ago,. . . physicians used to practice surgery, but 
nowadays there is a great distinction between surgery and 
medicine, and this, I fear, arises from pride, because phy- 
sicians disdain to work with their hands, though, indeed, 
I myself have a suspicion that it is because they do not 
know how to perform particular operations; and this un- 
fortunate usage has led the public to believe that a man 
cannot know both subjects, but the well informed are 
aware that he cannot be a good physician who neglects 
every part of surgery, and, on the other hand, a surgeon 
is good for nothing who is without knowledge of medi- 
cine.”’”* 

The disdain for surgeons, however, persisted in England 
longer than anywhere else, and even today the tradition 
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FIG. 13. Photograph of a 16th century engraving that satirizes doctors as monkeys performing a variety of duties by barbers such as tooth pulling, 
hair cutting, blood letting, and wound treatment. (Courtesy of AS Lyons and RJ Petrucelli,?? Harry N. Abrams, Inc., New York, NY.) 


of addressing physicians as “Doctors” but surgeons as 
“Misters” remains. Interestingly, British surgeons now 
regard “Mister” as an honorific title. 

England’s first important surgeon was John of Arderne 
(1306-1390), the world’s first proctologist.°° He gained 
considerable surgical experience during the Hundred 
Years War and was actively engaged during the Seige of 
Algiers against the Moors when, for the first time, gun- 
powder was used. In his practice he included the whole 
of surgery but became particularly interested in diseases 
of the rectum. Following his move to London, he was 
admitted to the Surgeons’ Guild as a Master Surgeon. His 
Treatises of Fistula in Ano, Hemorrhoids and Clysters 
was his most important contribution to surgery. 


Surgery in the Renaissance 


The 15th century in Europe was marked by a fresh 
look at many aspects of life. Criticism and revision flour- 
ished. Antonio Benivieni (1440-1502) grew wealthy from 
his practice of surgery and kept careful notes on his pa- 
tients, with follow-ups from autopsies. In 1507, his friend 


Rosati published these notes as De abditis morborum 
causis (“The Hidden Causes of Illnesses’’).°° Much new 
information about pathology thus became known that 
was of great value to surgeons. Some referred to the book 
as “‘the end of the old humoral tradition.””° 

The first Pope to approve autopsies was Sixtus IV 
(1414-1484), who, by this act, stimulated further study 
of the structure of the human body.”! A further stimulus 
was provided by artists, who rejected the stylized Gothic 
portraits of the 15th century in favor of greater reality. 
Donatello and Pollaiuolo were among the first artists to 
study anatomy of the human body by dissection, followed 
by Leonardo da Vinci, Michelangelo, Diirer, and Titian. 
Da Vinci (1452-1519) left 779 anatomical drawings, 
among which was a precise drawing of transverse veins 
in the lower leg, now at the archive of Windsor Castle. 
The theater of anatomy at Padua, built in 1446, allowed 
Vesalius to teach, Realdus Colombus” to describe pul- 
monary blood circulation, and William Harvey” to par- 
ticipate in dissections. 

After the Alexandrian school, the Italian school showed 
early appreciation of anatomy. Thus, approximately two 
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centuries before Sylvius in Paris was teaching anatomy, 
Mundinus (Mondino de Luzzi, 1275-1326) was reviving 
the study and teaching of anatomy at the University of 
Bologna, where he also practiced surgery. The combina- 
tion of professorship of anatomy and surgery continued 
at Bologna for 250 years. Mundinus’s Anathomia,’”® writ- 
ten in 1316, was considered an essential manual of anat- 
omy and dissection for two centuries until displaced by 
Vesalius’s Fabrica. 

Jacob Sylvius (1478-1555) in Paris, considered the first 
great anatomist of the Renaissance, accepted Galen’s 
anatomy unreservedly.” Among his many students was 
Andreas Vesalius (1514-1564). Born in Brussels and ed- 
ucated at the University of Louvain, he went to Paris, 
where he studied under Sylvius. Later he went to the Uni- 
versity of Padua, where he obtained the degree of Doctor 
of Medicine “with highest distinction.” On the following 
day, at the age of 23 years, he was appointed Professor of 
Surgery. His duties in this position included the teaching 
of anatomy and holding of public dissections. During the 
next 5 years he worked on the monumental task of pre- 
paring an entirely new book of the complete anatomy of 
the human body based on his personal dissections and 
was able to enlist an excellent artist, Jan Stefan van Kalkar, 
also a native of Flanders and Titian’s favorite pupil.7° 
Entitled De Humani Corporis Fabrica (Fig. 14), the seven 
books were published in Basel in 1543, when the author 
was 28 years old.”” 

There ensued a fervent academic controversy between 
Vesalius and almost all the rest of the medical world, with 
Sylvius heading the opposition. Embittered and disillu- 
sioned by these attacks, Vesalius retired from further ac- 
ademic pursuits and began practicing surgery, serving in 
several military campaigns. In the preface to his book 
addressed to “The Divine Charles V,” the Emperor of 
Spain, whose physician he became after resigning his chair 
at Padua, he expressed his resentment and obvious bit- 
terness against the physician’s attitude toward surgeons 
as follows: “Thus in course of time the art of healing has 
been so wretchedly rent asunder that certain doctors, ad- 
vertising themselves under the name of physicians, have 
arrogated to themselves alone the prescription of drugs 
and diet for obscure diseases, and have relgated the rest 
of medicine to those whom they call surgeons and scarcely 
regard as slaves, disgracefully banishing from themselves 
the chief and most ancient branch of the medical art, and 
that which principally (if indeed there be any other) bases 
itself upon the investigation of nature.”!”° 

In 1564, at the age of 50 years, while returning from a 
pilgrimage to the Holy Land, he was shipwrecked on the 
tiny Peloponnesian Island of Zante, where he died. The 
reason for this pilgrimage, according to Major,'® lies in 
the fact that when Vesalius opened the chest of a Spanish 
nobleman who had died in his care, he found the heart 
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beating and the parents accused him of murder and 
brought in the Inquisition. The King intervened and had 
the punishment commuted to a journey of penitence to 
the Holy Land. 

Vesalius’s remarkable textbook of anatomy, considered 
among the greatest of all medical texts, not only revolu- 
tionized surgery but greatly stimulated the development 
of physiology and pathology, as well as anatomy. 


From Barbers to Paracelsus 


As occurred earlier in France, the caste system among 
medical practitioners in England became embroiled in 
the effort to achieve separate status. Accordingly, before 
1369, the surgeons organized “The Guild of Surgeons 
Within the City of London,” whose purpose was to sep- 
arate themselves from the barbers, but it was not very 
successful in persuading people that surgeons were the 
equal of doctors.'°! Doctors of internal medicine, known 
as herbalists because they prescribed mainly healing 
plants, continued their conflict with surgeons about a new 
regulation regarding the right to practice medicine profes- 
sionally. The herbalists won, and the surgeons became 
covered by a rule that placed them on the same level as 
bakers, brewers, and public notaries. The surgeons reacted 
by affiliating themselves with barbers again. 

Surgeons and barbers worked side by side, if not too 
harmoniously, in the army of Henry V at Agincourt 
(1415), and it was not until two centuries later that Henry 
VIII established some order in the relationship by uniting 
the barbers and surgeons by an Act of Parliament of 1540, 
made famous by Holbein’s painting (Fig. 15).'°* Thomas 
Vicary (1490-1562), ‘“‘sergeant-chyurugeon to King 
Henry VIII,” became the first master surgeon. This Com- 
pany of Barber-Surgeons continued until 1745, when it 
became organized as the Company of Surgeons. In 1800, 
it became the Royal College of Surgeons of London. and 
in 1843 the Royal College of Surgeons of England. °? 

Philippus Aureolus Theophrastus Bombastus von 
Hohenheim (1493-1541) (Fig. 16), a controversial figure 
in his time, has been called one of the great medical in- 
novators of the Renaissance. Immodestly, he called him- 
self Paracelsus—or the equal of the Roman physician 
Celsus. Born in Switzerland, he traveled extensively, al- 
though there is no evidence that he ever studied medicine 
or had a right to the title of doctor, but he apparently 
learned much from conversations with doctors, phar- 
macists, and chemists. At Basel, he was made professor 
of medicine, as well as city doctor, in 1527. His main 
thesis was not to rely on books but on the doctor’s own 
experience and on nature’s teachings (Fig. 17). In Grosse 
Wundartznei, he wrote: “Internal medicine and surgery 
are based on philosophy and must not be separated except 
in practice; every physician must be a doctor of both 
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FIG. 14. Frontispiece of Ves- 
alius’s book De Humani 
Corporis Fabrica. (Courtesy 
of the National Library of 
Medicine, Bethesda, MD.) 
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medicines. . . . You will not find everything written in Greatest Surgeons of the Renaissance 
the books of Galen and Avicenna, all of surgery has not 
been written, for new times bring new diseases and new It was Ambroise Paré (1510-1590),'°* born in Laval, 


books will outmode the old.”!”° France, himself a barber-surgeon and personal physician 
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FIG. 15. Hans Holbein’s (the 
Younger) famous painting of 
Henry VIII in 1540 handing 
to Thomas Vicary the Act of 
Union between the Barbers 
and Surgeons of London. 
(Reprinted with permission 
from the President and 
Council of the Royal College 
of Surgeons of England.) 


to five French kings, who rehabilitated surgery (Fig. 18). 
A journeyman with a barber-surgeon, Paré attended les- 
sons at Hotel-Dieu hospital in Paris (Fig. 19), where he 





FIG. 16. Painting of Paracelsus by Jan van Scorel that hangs in the Louvre 
in Paris. (Courtesy of AS Lyons and RJ Petrucelli,”* Harry N. Abrams, 
Inc., New York, NY.) 
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participated in dissections. He then became a field surgeon 
in the army. During that service, he ran out of the boiling 
oil that was used in treating gunshot wounds and applied 
instead a healing salve made of eggwhite, rose oil, and 
turpentine. To his surprise the next morning, those he 
treated thus showed no inflammation or swelling and little 
pain, whereas those treated with the burning oil had high 
fever, great pain, swelling, and inflammation. Thus he 
resolved never to use burning oil again. His dissertation 
on gunshot wounds in 1545 became a classic. From their 
experience and keen observations in military service 
through the years, consistently surgeons have derived new 
knowledge from which they have developed new surgical 
techniques that have benefited not only military personnel 
but also the civilian population as well.'°° 

Paré’s second book, primarily about anatomy but con- 
taining some obstetrics, was based on his revered Vesalius. 
His reputation grew, and he became a member of the pres- 
tigious College of Saint-COme, an unusual honor for an 
unschooled barber-surgeon. His Anatomie Universelle du 
Corps Humain (1561)'? made Vesalius famous among 
surgeons. Paré also reintroduced routine ligature of 
bleeding vessels for wound treatment and amputations 
(Fig. 20). invented new surgical instruments, designed 
prostheses for limbs, and improved the hernia band. 

At the age of 75 years, Paré published his greatest work, 
Oeuvres, !” in French; the medical faculty in Paris objected 
to his breaking the rule that its permission was required 
for the publication of any medical book, whereupon Paré 
wrote a denial of the faculty’s authority and declared sur- 
gery independent of “official whims.” His integrity, judg- 
ment, surgical skill, and moral stamina elevated him to 
the height of his profession in his time. 
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Specialists of Italy and Germany 


In the late medieval period, academic education was 
at a low ebb, although universities were flourishing in 
Italy, France, and England. In Germany, where surgeons 
were definitely in the handicraft tradition, surgery lay 
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FIG. 17. Woodcut from the 
title page of Paracelsus’s Opus 
Chirurgicum (1565) showing 
interior of a Renaissance 
hospital being used increas- 
ingly to train physicians. 
(Courtesy of AS Lyons and 
RJ Petrucelli,? Harry N. 
Abrams, Inc., New York, 
NY.) 


dormant; the surgeon, like the carpenter, simply did not 
study books. Yet the handicrafters were more skilled at 
caring for wounds than their more learned foreign col- 
leagues, having gained much experience from various 
wars. The book by Heinrich von Pfolspeundt, Buch der 
Bundth-Ertzney,!” published in 1460, was notable in 


Xi “A 
6 a8 FIG. 18. Woodcut (c. 1560) 
emoi showing Andreas Vesalius 
yet A and Ambroise Paré in atten- 
; j fa dance at the deathbed of 
IEP) Henri II (who had named 
hes Paré a master surgeon despite 
> lack of academic credentials). 
(Courtesy of the National Li- 
brary of Medicine, Bethesda, 
MD.) 
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FIG. 19. Engraving of interior of Hétel-Dieu, Paris (c. 1500) revealing 
crowded conditions and frequency and familiarity of death as corpses 
are sewn in shrouds in full view of patients. (Courtesy of the National 
Library of Medicine, Bethesda, MD.) 





urging cleanliness; he considered handwashing and clean 
bandages important. 


Medicine as a Science 


The descriptions by Andreas Vesalius of the true struc- 
ture of the human body greatly stimulated medicine and 
promoted an interest in the functions of the organs, 
bringing a resurgence of interest in physiology. Vesalius’s 
successor at Padua, Realdus Colombus (1516-1559), who 
wrote De Re Anatomica, taught Michelangelo anatomy. 

Heironymous Fabricius ab Aquapendente (1537- 
1619), a professor of anatomy at Padua, discovered the 
valves in the veins that permit blood to flow centrally 
even from parts of the body below the heart.'”’ From this 
discovery, Fabricio’s student, William Harvey (1578- 
1657), was inspired to solve the problem of blood circu- 
lation.'®!? 


The New English School 


The royal favor shown the Barber-Surgeons’ Company 
elevated its social status, although not on a par with that 
of the internists. Thomas Vicary began an era of new 
surgical skills that saw many well-read, inventive, and 
technically superb surgeons. With his colleague William 
Clowes (1540-1604), Vicary greatly improved the status 
of surgery—by supervising the training of apprentices, by 
teaching, and by watching for untrained charlatans. 





FIG. 20. Portrait of Ambroise Paré applying his ligature during amputation on the battlefield. (Courtesy of the National Library of Medicine, Bethesda, 
MD.) 
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Clowes, personal physician to Elizabeth I, was the greatest 
surgeon in Elizabethan England. His A Profitable and Ne- 
cessarie Booke of Observations was a collection of cases 
from his own experience.'°* Like Vicary before him and 
Alexander Read after him, Clowes lectured at the barber- 
surgeons’ guild. 

Richard Wiseman (1621-1686) has sometimes been 
called “the father of English surgery.” At the age of 15 
years he was an apprentice surgeon and subsequently 
served his apprenticeship in the Dutch navy. His life was 
most eventful with extended naval and military service, 
gaining considerable experience in the handling of the 
severely wounded. After Charles II became King of 
England in 1660, Wiseman was appointed Surgeon to the 
King. Suffering from tuberculosis, he was forced to curtail 
his activities and turned to writing, analyzing more than 
600 personal cases and presenting both his successes and 
failures, in order “that those that come after me may learn 
what to avoid.” His publication on “Surgical Treatises” 
not only enriched surgical literature but enhanced the sta- 
tus of surgery.'©%!!° 


Continental Surgeons 


Wilhelm Fabry von Hilden (1560-1634) was the leading 
German surgeon of his time.''' With little formal edu- 
cation, he became an apprentice to a succession of barber- 
surgeons over a period of 12 years. He later became em- 
inently successful in the practice of surgery. He published 
his experience with more than 600 cases on Observations 
and Descriptions in Wound Surgery. His careful analysis 
of this wealth of experience included postmortem ex- 
aminations to determine the causes of death and the na- 
ture of the diseases. He has been regarded as “the best of 
the surgical empiricists, and not only advanced the surgery 
of his native country, but also imbued it with the spirit 
of science.” !!? 


The Enlightenment 


The 18th century in England was a period of vigorous 
development, not only in statesmanship but also in art, 
literature, and medicine, built on foundations laid by ear- 
lier generations. 


William Cheselden, Surgeon 


William Cheselden (1688-1752), learned anatomy from 
another surgeon, William Cowper (1666-1709), who al- 
though derided as a “bone-setter,” made new discoveries 
about human anatomy, including Cowper’s glands. Com- 
peting for corpses, Cheselden ran afoul of the Barber-Sur- 
geons’ Society; eventually, he succeeded in separating the 
surgeons from the barbers with the help of his son-in-law, 
Dr. Charles Cotes, a member of Parliament and chairman 
of the special committee of the House of Commons, who 
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brought the matter under consideration, which then re- 
sulted in a Bill.'" He became well known, was officially 
recognized as personal physician to Queen Caroline, and 
held three positions as “first lithotomist.” Cheselden 
helped found the new Surgical Society, in 1745, and served 
as its president until his death in 1752. His significance 
and influence are best reflected by his disciples and suc- 
cessors, such as Percival Pott, the Hunters, and Astley 
Cooper, who for almost a century gave British surgery 
great prestige.'!4 


William and John Hunter 


Two imposing figures in British surgery were William 
(1718-1783) and John Hunter (1728-1793) (Fig. 21). 
William’s Anatomy of the Gravid Uterus!" is, according 
to some, unparalled. It was John Hunter, however, who 
put surgery on a sound scientific basis and completed the 
ascendency of surgeons from artisans to scientists. The 
anatomical drawings that survive reflect his affinity for 
precision, teaching, and aesthetic sensitivity. 

John Hunter was admitted to the Royal Society in 1767; 
only those with important scientific writings were ac- 
cepted, and his entrance article was on digestive fluids. 
He became the city’s leading surgeon, inspector of all its 
hospitals. His writings, published primarily in Philosoph- 
ical Transactions, were later collected into a book. 

Hunter’s surgical daring is illustrated by an operation 
he performed for popliteal aneurysm on a patient at St. 
George’s Hospital. Having observed that a rich network 
of blood vessels developed when the crown of a deer’s 
horn was in its prime and therefore needed nourishment 
but that the size and number of vessels decreased when 
the horns shed, Hunter theorized that such reserve (col- 
lateral) vessels also developed in human beings when their 
arteries became obstructed. Thus, the vascular system was 
not static, but dynamic, subject to supply and demand. 
When he had a patient with a pulsating aneurysm in his 
knee-fold who could hardly walk, presumably from an 
obstruction just below the aneurysm, he rejected ampu- 
tation in favor of cutting the inner thigh just above the 
knee (Hunter’s channel) and ligating the superficial fem- 
oral artery above the aneurysm. The wound formed pus, 
but this cleared, and the patient left the hospital with his 
leg intact. Three of four subsequent operations of this 
kind were successful, the fourth patient, however, having 
bled to death.''® 

The fact that Hunter never referred to Antyllus,°° who 
performed basically the same procedure about 15 cen- 
turies previously, or Aetius,°*°? who also performed a 
similar procedure about 1000 years earlier, provides writ- 
ten evidence of the discontinuity in the transmission of 
earlier knowledge and the decline in medical and surgical 
activities in the Medieval period. 
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FIG. 21. Portraits of the Hunter brothers, William (A) and John (B). (Courtesy of the National Library of Medicine, Bethesda, MD.) 


Hunter developed angina pectoris, and his attacks be- 
came increasingly severe and frequent. He did not know 
the cause of his condition but recorded its manifestations 
in detail, and he recognized the role of emotional distur- 
bances. He said, in fact, “My life is in the hands of any 
rascal who chooses to annoy me.””” That statement was 
prophetic for in a quarrel with his colleagues at St. 
George’s Hospital regarding teaching programs, he be- 
came furious and died within a few minutes. The couch 
on which he died remains enshrined in the lobby of St. 
George’s Hospital. Long after his death from coronary 
arteriosclerosis, his admiring disciples succeeded in having 
his remains moved to Westminster Abbey, where an in- 
scription by the Royal College of Surgeons reads: “‘to re- 
cord admiration of his genius, and as a gifted interpreter 
of the Divine power and wisdom at work in organic life, 
and its grateful veneration for his services to mankind as 
the founder of scientific surgery.”''’ Some historians have 
stated that his contributions to surgery have possibly not 
been surpassed by anyone before or after his time. 


Surgeons Versus the Academicians 


The division between surgeons and “learned doctors” 
was wider in France than elsewhere, due in part to the 


pomposity of medical faculties and their resistance to 
constructive thinking. The surgical competence of the 
practitioners, however, was not the highest, and, except 
for Ambroise Paré and some well-known obstetricians, 
surgery was performed primarily by barber-journeymen. 
But in 1645 a few surgeons with some literary education 
merged with the barbers’ guild to form a college. The 
reaction from university physicians was immediate: they 
forbade the surgeons to bear academic titles and thus pro- 
hibited them from calling themselves doctors. Further- 
more, the new association was not permitted to call itself 
a college, which might suggest higher education. Nev- 
ertheless, the new organization had money—which the 
medical faculty lacked—and so built its own demonstra- 
tion hall for surgical instruction next to the Ecole de Méd- 
icine, an annoyance to the professors. At the inau- 
guration, a fist fight erupted, and the professors were forced 
to retreat in humble fashion. 

Georges Maréchal (1658-1736), personal physician to 
Louis XIV and Louis XV, established the Académie Roy- 
ale de Chirurgie.'°”° It irritated the medical faculty that 
the monarchy decreed that the Academy would be com- 
pletely independent and its members would have equiv- 
alent ranks and rights as the faculty. Consisting initially 
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of the 70 “master-surgeons” of Paris, the Academy played 
a major role in rehabilitating French surgery. 


Napoleon’s Surgeon 


When the French Revolution began in 1789, French 
Surgery, including military surgery, was at a low ebb. 
Hygiene was virtually absent. This was the state when 
Dominique-Jean Larrey (1766-1842) of Beaudéan began 
his military career, which covered the entire Napole- 
onic Age.” 

In 1792 he became a major with the Rhine army. There 
he became convinced that better organization was needed 
to serve the wounded. One idea he had was to save the 
wounded and dying in the fields by building a cart, which 
he called “a flying ambulance” and which combined speed 
with safety and comfort. In 1797, he described his am- 
bulance, including the personnel to accompany it. The 
ambulance was to be equipped with dressing-barrows, in- 
struments, and bandages. His ambulance became a great 
success, and he was ordered to return to Paris to arrange 
ambulances for the entire army.''® 


Four Continental Pioneers 


During the 18th century in central Europe, Surgery, by 
Lorenz Heister (1683-1758) of Frankfurt, was the most 
important influence on surgery, where it appeared in Ger- 
man, English, French, Italian, Dutch. and Latin.!°7° A 
well-educated student of languages and the humanities at 
the University of Hardewyk in Holland, he then went to 
Amsterdam to study with outstanding surgeons and anat- 
omists. He was appointed chief surgeon of the Army of 
the Netherlands, where he gained great experience in 
wound management. After the publication of his book 
on surgery, he was appointed Professor of Anatomy and 
Surgery at the University of Helmstadt, where he remained 
for 38 years. He introduced to Germany a new type of 
surgeon, one that was highly educated, in contrast to the 
previously unlettered, craft-trained, and ignorant practi- 
tioners.''”:'*° Although he advocated simplicity in oper- 
ations, he improved some surgical instruments and in- 
vented some of his own, such as the trepan for removing 
tonsils. In Chirurgie he enhanced surgical standards by 
his systemization of the subject. The book contained 
beautiful copper etchings, showing operations step by step. 
Heister was among the first cancer surgeons and the first 
to describe appendicitis. “It is necessary,” he wrote (1752), 
“for a surgeon to have complete, or at least very good, 
knowledge in anatomy as well as in medicine, so that he 
has enough judgment and understanding to study all the 
causes and circumstances, and to draw his conclusions 
from them.”!7° 

Antonio Scarpa (1752-1832) has been called Italy’s sole 
contributor to surgery at the end of the 18th century.!*!?! 
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His operation for clubfoot is still used in principle today. 
An able scholar, superb illustrator, brilliant anatomist, 
and skillful surgeon, he himself illustrated his Results of 
Observations and Experience on the Principal Maladies 
of the Eyes. Energetic and ambitious, he was despised by 
some and held in fear by others, but he is memorialized 
in the many anatomic structures that bear his name. He 
understood thoroughly the indispensability of a compre- 
hensive knowledge of anatomy and physiology in the 
practice of surgery. His tireless study bore many fruits, 
among which were the structure of the eye and inner ear. 

In 1804, he compiled a classic monograph on the forms 
and diagnosis of arterial aneurysms.'*” According to Ma- 
tas, Scarpa’s observations were so convincing that the 
treatment remained “an immutable and unshaken prin- 
ciple in surgery from the time it was first enunciated by 
that remarkable surgeon over one hundred years ago to 
the present time.”'*! Not, in fact, until Matas developed 
his procedure of endoaneurysmorrhaphy, was the “law 
laid down by Scarpa” successfully challenged. Despite the 
challenge to Scarpa’s surgical interpretations and conclu- 
sions, his anatomic and pathologic observations remain 
unquestioned today. 

Balthasar Salinus, a barber-surgeon, was physician to 
Queen Christina of Sweden and was the first to practice 
any significant surgery in that country. Because internists 
were scarce in Sweden, medicine was practiced by barber- 
surgeons until the 18th century. After apprenticeship in 
that guild, those who wished undertook theoretical studies 
at Uppsala or Lund and went abroad for further education. 

Olof Acrel (1717-1806), known as the “‘father of Swed- 
ish surgery,” learned surgery from an able barber-surgeon, 
Gerhard Boltenhagen, son of a field surgeon.”! He traveled 
to Göttingen to study under Albrecht von Haller, a pioneer 
in physiology and experimental medicine who also cov- 
ered surgery. He returned to Sweden and in 1752 estab- 
lished the first general hospital there. Acrel’s treatise, Sur- 
gical Events, a combined handbook and casebook, de- 
scribed operations and instruments in detail and initiated 
a new native school of surgery. The Acrel Medal is still 
awarded by the Swedish Surgical Association for out- 
standing achievement. 


Surgery in the Age of Revolutions 


The Western World witnessed remarkable innovations 
during the late 18th and early 19th centuries. 


The Great Scots 


Surgical education and research at the University of 
Edinburgh, called the world’s medical center in 1800, were 
started by John Monro (1670-1740) and were continued 
by his family.'°'*'? Educated in Leyden along with Her- 
man Boerhaave (1668-1738), he gained much experience 
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as an army surgeon in Holland and Ireland. In 1715, ac- 
cording to his son, he sewed together a patient’s severed 
windpipe and punctured esophagus. His son, Alexander 
(known as primus) (1697-1767), became the first professor 
of anatomy of the new medical faculty at Edinburgh. The 
publication of The Anatomy of the Human Bones lifted 
his reputation, and students flocked to him for study. In 
1729 a hospital was opened in Edinburgh, later to become 
the renowned Royal Infirmary. Monro, wrote Oliver 
Goldsmith (himself a physician), “brought his science to 
the highest possible perfection.” 

Monro’s son, Alexander secundus (1733-1817) carried 
on his father’s work. Educated in London under William 
Hunter, and in Berlin, where he studied with Johann 
Friedrich Meckel, Alexander, the son, published Obser- 
vations on the Structure and Functions of the Nervous 
System (1783), in which he presented the discovery of the 
connection between the heart’s ventricles, called the fo- 
ramen Monroi. 


The Bells 


The first Scottish surgeon to assemble surgical knowl- 
edge into an encyclopedia (System of Surgery, 1784),'® 
Benjamin Bell was also the first in Britain to advocate 
radical operation for cancer of the breast according to the 
technique of Petit in Paris. 

John Bell (1763-1820), of a different family, carried 
on a feud with the dean, who was also a professor of med- 
icine, that caused him to turn against official medicine.”° 
Nevertheless, he persuaded his colleagues to question sev- 
eral so-called clinical truths. He showed, for example, that 
a burst aneurysm could be sewn, and he fought for “‘pri- 
mary” healing without pus formation. Perhaps his greatest 
contribution was his battle for good training in surgical 
anatomy. He opened his own school of anatomy and 
earned the title of “the father of surgical anatomy.” 


After John Hunter 


Well trained in anatomy and pathology, and with an 
elementary knowledge of physiology, the English and 
Scottish surgeons of the early 19th century were also tech- 
nically refined. Because physicians were beginning to keep 
better patient notes and to classify them better than pre- 
viously, they were learning more from experience and 
thus improved their diagnoses. With its inspiration from 
England, surgery of the first three quarters of the 19th 
century was predominantly British, whereas the last quar- 
ter was largely German. 

Among John Hunter’s first disciples were John Aber- 
nethy (1764-1831), whose colorful language added appeal 
to his special learning.” He became a professor of surgery 
and anatomy at the College of Surgeons and chief surgeon 
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at Saint Bartholomew’s. To his students he emphasized 
anatomy. 

Another student of Hunter, Henry Cline (1750-1827), 
became a surgeon at Saint Thomas’ Hospital and was 
interested in teaching.”* Still another student of Hunter’s 
was Edward Jenner (1749-1823), who became Hunter’s 
personal assistant but returned home to Berkeley after 
obtaining his degree to become a country doctor and pur- 
sue his hobbies of ornithology and botany. Jenner noted 
that some people in his home district allowed themselves 
to be infected by cowpox and that they never caught 
smallpox, although a rash developed on their hands. 

His mentor, Hunter, encouraged him to try an exper- 
iment, and on May 14, 1796, he did so by injecting into 
a young boy cowpox pus from a dairymaid.”* Six weeks 
later, when Jenner injected him with smallpox, his slight 
illness from the first injection made him no worse. The 
Royal Society rejected Jenner’s report of this experiment, 
and even when Jenner published further evidence of his 
claim in 1798 in An Inquiry into the Causes and Effects 
of the Variolae Vaccinae, it did not receive immediate 
acceptance. Although severely criticized at first for his 
“unethical” experiment, Jenner later became world fa- 
mous after the appearance of his report of 23 successful 
vaccinations. 

Interestingly, the unlikely early stimulus for experi- 
mentation with inoculation was a rigid Congregational 
cleric, Cotton Mather (1663-1728), who had heard from 
his African slaves that those who carried the scars of 
smallpox were the ones who could care for those in- 
fected.'*? He persuaded Zabdiel Boylston (1697-1766), a 
surgeon in Muddy River, Massachusetts, to experiment 
with inoculation. Because Boylston himself had smallpox 
scars, he inoculated his son with pus from an active pock, 
after which his son became mildly ill and recovered. 
Thereafter, Boylston performed many other inoculations 
and published his observations in 1726" and 1727.1” 
Those who had been inoculated were immune when the 
next epidemic occurred, but inoculation caused some 
deaths, and Boylston was severely criticized. He was later 
vindicated, however, and when Edward Jenner’s safer 
method of inoculation was introduced to North America 
in 1801, this “vaccination” was accepted because of 
Boylston’s success with direct inoculation. 

Another leading surgeon among Hunter’s disciples was 
Astley Paston Cooper (1768-1841).'7° As a student at 
Edinburgh, he was not very scholarly, but then he traveled 
to London, where he became a surgical aide to Henry 
Cline at Guy’s Hospital (an institution that had been do- 
nated by a penitent swindler). He became intrigued by 
Hunter’s lectures and constant experimentation. After 
successfully removing a large atheroma (cyst) from the 
head of George IV (with alcohol the only anesthetic), he 
became Sir Astley Cooper. His greatest contribution, 
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Treatise on Hernia, formed the basis for modern hernia 
surgery.” His name remains in fascia cremasterica 
Cooperi and ligamentum Cooperi, as well as in the tissue 
threads holding up the mammary glands. 

Cooper’s most famous case was in a man admitted to 
Guy’s hospital with abdominal pain.'° When he found 
a pulsating tumor inside, he promptly diagnosed an iliac 
aneurysm, ballooning above and below the left Poupart’s 
ligament. Although no one had ever operated under such 
circumstances before, Cooper realized that the aneurysm 
would soon burst and the patient would bleed to death. 
Indeed, he made the decision to operate after the aneurysm 
began to bleed. After first testing his procedure on a ca- 
daver in the autopsy room, he operated on the patient, 
ligating the abdominal aorta just above the bifurcation, 
and although the patient died 40 hours later, Cooper 
showed that this kind of operation was possible. It was 
performed subsequently by several surgeons without suc- 
cess, and in 1923 was successfully completed by Rudolf 
Matas. !7* 

Now pathology entered a new phase in which the basic 
causes of diseases were being sought. The doctrine of un- 
balanced body fluids was being abandoned because it did 
not explain tumors, aneurysms, and many other condi- 
tions. Physicians were handicapped, however, in their 
search for this new knowledge because they were ignorant 
of the cell, the building block in the human organism. 

A detailed publication by Matthias Schleiden (1804- 
1881) in Germany about how plants are built of cells in- 
spired a friend, Theodor Schwann (1810-1882), to make 
similar studies of animal tissues.'° Schwann, who had dis- 
covered the enzyme pepsin, confirmed that Schleiden’s 
findings also applied to animals. His observation that 
nerves are imbedded in an insulating substance—the 
sheath of “neurilemma”’ (Schwann’s cells)—formed the 
basis of modern cellular pathology, further developed by 
Rudolf Virchow (1821-1902). 

Virchow’s studies led him to microbiology but had little 
use for bacteriology, an attitude that led him into contro- 
versies with other scientists. He did not accept, for ex- 
ample, Koch’s epoch-making presentation in 1882 of the 
causes of tuberculosis.'° He became a member of Parlia- 
ment, and his progressive ideas almost led him into a duel 
with the Iron Chancellor, Bismarck. 


Physiology 


A number of early physiologists had considerable in- 
fluence on developments in surgery. Albrecht von Haller 
(1708-1777), considered to be the founder of experimental 
physiology, clarified the connection between the nerves 
and muscles. His eight-volume Elementa Physiologiae 
Corporis Humana'®'*-"? collected all the physiology of his 
day. Francois Magendie (1783-1855), a professor of med- 
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icine in Paris, traced the paths of nerve impulses from the 
spinal cord and investigated drugs like morphine.!? One 
of Magendie’s students, Claude Bernard (1813-1878), had 
a profound influence on surgery (Fig. 22). A shy playwright 
at first, he was dissuaded by critics from continuing in 
that field, and he turned to physiology. His major con- 
tribution, a view that surgeons did not readily accept, was 
that, to function normally, an organ required a constant 
environment. About the inner chemical environment or 
“homeostasis,” Bernard wrote that the free, independent 
life requires the stability of the internal environment and 
that the mechanism providing it maintains all the con- 
ditions in the internal environment that are necessary for 
the components’ life.*’ His finding of the importance of 
keeping the body’s fluids and electrolytes in proper balance 
was indispensable to the advancement of surgery. Bernard 
also studied blood vessels and regulation by vasomotor 
nerves. 


Triumph over Pain 


The extraordinary progress made in surgery during the 
late 19th century can be traced, in considerable measure, 
to the relief from pain. From antiquity to the Middle Ages, 
hashish, mandrake, alcohol, and opium were the main 
analgesics. '’? Many herbs, berries, barks, roots, and flower 
seeds and blossoms were used to effect loss of conscious- 
ness. For the pain of operations, mandragora, poppy, 
henbane, and hemp were used. 

Early literature contains references to various prepa- 
rations for the relief of pain. In Homer’s Odyssey,” Helen, 
Zeus’s daughter, used a preparation, probably of opium 
dissolved in wine, to alleviate pain and sleep off grief. In 
the //iad,** Patroclus applied an astringent, anodyne, to 
relieve pain from Eurypylus’s wound. Before operating, 
the famous Greek physician Dioscorides, in the first cen- 
tury A.D., applied to his patients the root of the mandra- 
gora plant boiled in wine. Galen, too, used mandragora 
to desensitize and paralyze the patient. Mandragora also 
was used to moderate the agony inflicted on the con- 
demned. Matthew, Mark, and John described the potion 
that Jesus refused at his crucifixion as gall, myrrh, or hys- 
sop mixed with wine or vinegar. According to Keys,!”° 
important evidence of Paracelsus as the founder of anes- 
thesia is found in his reference to “sweet vitriol,” a distilled 
mixture of sulphuric acid with alcohol, which was not 
called ether until it was so named by Frobenius in 1730. 
Paracelsus had noted that it caused chickens to fall asleep 
and awaken later without harm, and he therefore rec- 
ommended “sweet vitriol” as an anodyne that relieves 
pain. It was Oliver Wendell Holmes who, in a letter of 
November 21, 1846, to Morton, proposed the terms an- 
aesthesia for the state of insensibility produced by ether 
and anesthetic for the agent.!”° 
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FiG. 22. Painting (1889) by 
Louis Lhermitte showing the 
great physiologist Claude 
Bernard demonstrating an 
experiment. (Reprinted with 
permission from the Palais de 
la Decouverte, Paris, France.) 


Heinrich von Pfolspeundt, originally a barber, in his 
Bundth-Ertznei (1460), recommended the use of a so- 
porific sponge as an anesthetic; the sponge was soaked in 
opium and mandragora and placed over the patient’s nose 
“until he sleeps.” °° Karl Sudhoff had found a recipe for 
the “soporific sponge” in a ninth-century Monte Cassino 
codex, and Henry Sigerist found such a recipe in Bam- 


berg’s ninth-century Antidotarium.'° Possibly an earlier 


reference to the soporific sponge appeared in the Anti- 
dotarium of Nicolas of Salerno, believed to have lived in 
the 12th century.'*? Theodoric reported that Hugo of 
Lucca prepared a soporific sponge of opium, hemlock. 
henbane, mandragora, wild ivy, and the seed of a salad 
plant, which apparently produced anesthesia for surgical 
procedures. That soporific draughts were accepted before 
operations is evidenced by various literary references, in- 
cluding that related by Dioneo in Boccaccio’s Decameron 
(14th century),'*° in which a patient drank a potion that 
caused him to sleep for whatever interval was necessary 
to complete the operation. , 

In the United States in the early 19th century, use of 
ether and nitrous oxide was progressing. Interestingly the 
use of these gases in anesthesia was promoted by their 
inhalation for pleasure at “laughing-gas parties.” A young 
chemistry student, William E. Clarke, a participant in 
these sessions, used ether anesthesia in what was consid- 
ered to be its first recorded use, for a tooth extraction in 
January 1842, in Rochester, New York.!? On March 30, 
1842, in Georgia, Crawford W. Long, who had witnessed 
“ether frolics” at the University of Pennsylvania, used 
ether as an anesthetic before removing a small tumor from 
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his patient, James M. Venable. He did not, however, pub- 
licize this event, and it was not until December 1849 that 
he described this experience in the Southern Medical and 
Surgical Journal.’ 

Three years earlier, in the Boston Medical and Surgical 
Journal, Bigelow and Warren had reported the work of 
dentist William Thomas Green Morton (1819-1868), who 
had pursued the matter of anesthetization.'*” After much 
experimentation and following the suggestion of one of 
his teachers, Dr. Charles A. Jackson, to use pure sulphuric 
ether, Dr. Morton successfully performed a tooth extrac- 
tion after inducing his patient to inhale the ether. Morton 
next asked Dr. John C. Warren to try the anesthetic during 
some operation, and that was done on October 16, 1846, 
when the patient, Gilbert Abbott, inhaled the vapor from 
Morton’s new anesthesia apparatus, before Dr. Warren 
removed a tumor from the patient’s jaw (Fig. 23). Whereas 
Warren considered it an obligation to introduce to other 
surgeons and hospitals this valuable innovation, Morton 
wished to keep the matter a secret and to obtain an ex- 
clusive patent for its use. Warren decided that, without a 
full knowledge of the apparatus and the agent, he could 
not ethically publicize its use, a position that prompted 
Morton not to keep his method a secret.!** 


Surgery in the United States 


Surgery in this country has played a highly significant 
role in the advancement of medical knowledge, training. 
and research, particularly since the turn of this century. 
Since the history of surgery in the United States has been 
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FIG. 23. The famous painting (1882) by Robert Hinckley of the first 
successful public demonstration of surgical anesthesia (October 16, 1846) 
using ether at the Massachusetts General Hospital in Boston, Massa- 
chusetts. (Reprinted with permission from the Boston Medical Library 
in The Francis A. Countway Library of Medicine, Boston, MA.) 


See ‘ 
well recounted by a number of others,'**!**"'*” it is neither 


necessary nor appropriate to detail this development here. 
Moreover, one of our former Presidents, David C. Sabis- 
ton, Jr., in his Presidential address before this body 16 
years ago, presented a fascinating account, in his usual 
scholastic manner, of the major contributions to surgery 
from the South.!*® 

In accordance with this perspective of surgery, however, 
there are certain characteristics, qualities, and observations 
concerning the development of our specialty in this coun- 
try that deserve consideration for several reasons. For one 
thing, this period of surgical development took place 
within a relatively brief interval, less than a century, and 
with accelerating rapidity. For another, it has largely, if 
not uniquely, been achieved by American surgeons. 

To be sure, much of the underlying basis for some of 
these developments was begun in Europe, especially in 


Ann. Surg. * June 1991 


the earlier period. These include antisepsis and asepsis 
following Lord Lister’s doctrine; establishment of medical 
school faculties and university teaching hospitals, origi- 
nally developed by physicians and surgeons who obtained 
their training in Europe, with the establishment of spe- 
cialized disciplines both in basic medical science and clin- 
ical activities; and great expansion of animal research lab- 
oratories in surgery. 

One of the most important developments in surgery 
that is uniquely American in concept and implementation 
is the residency training program that was initiated by 
Halsted at Johns Hopkins Hospital.'*? To some extent, 
this was based on his observations of the methods of 
training surgeons in Austria and Germany, where surgery 
had been greatly advanced. He noted, however, that be- 
cause the Oberartz, or Chief Resident, often remained in 
this position until he was chosen to head a Department 
of Surgery, sometimes as long as 10 years, only a few 
surgeons could be trained. Accordingly, he modified the 
program to provide for the Chief Resident to serve for 
only 2 to 3 years. So successful was this concept that it 
was ultimately standardized for the nation. Along with 
this development, and to a large extent stimulated by its 
success, there were established national qualifying boards 
and committees for accrediting the residency training 
programs and for certifying surgeons who had completed 
such training. It is not insignificant that none of these 
developments was initiated or supported by the govern- 
ment. 

The rapid progress or ascent of surgery, as so eloquently 
expressed by the Wangensteens in the title of their book, 
The Rise of Surgery,'*° that has taken place in the latter 
part of the last century, and especially in the past four or 
five decades, was initiated by two important discoveries, 
one of European origin and the other of American origin. 
The former was the doctrine of antisepsis and asepsis, first 
propounded by Semmelweis (1847)'*! and Lister 
(1865),'**:'*? based on the works of Pasteur!** and Koch,'*° 
and the latter was general anesthesia with ether by Craw- 
ford Long of Georgia (1842) and William Thomas Green 
Morton (1846) of Massachusetts. 

With these developments, surgery was significantly al- 
tered from its century-old status of an emergency high- 
risk character to a more deliberate elective nature. It now 
became possible for surgeons to pursue technical inno- 
vations for the treatment of a wide variety of lesions and 
diseases and to develop more meticulous surgical tech- 
niques with greatest regard for tissue in wound manage- 
ment and repairs. Accordingly, surgery gained greater re- 
spect both in the medical and lay communities. 

Another important contribution of American surgery 
was the development of thoracic surgery, largely as a con- 
sequence of tracheal insufflation, first used by Matas'*°!4’ 
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and subsequently simplified and perfected by Samuel 
Meltzer and John Auer.'*® This development obviated 
the cumbersome efforts of Sauerbruch (1904) to use a 
negative pressure cabinet for thoracic operations. Its great 
significance may be better appreciated when it is realized 
that it was the key that opened the door to surgical meth- 
ods of treatment of mediastinal tumors, bronchiectasis, 
and other diseases of the lung, including particularly can- 
cer and congenital and acquired cardiovascular diseases 
with open-heart surgery. 

Perhaps no other branch of medicine has enjoyed the 
striking advances that have occurred in surgery, not only 
technically but also from the conceptual and cognitive 
points of view, and indeed in the objectives.'*? Before the 
turn of this century, indeed, as already indicated, the ob- 
jective was largely extirpation of the diseased tissue or 
organ and urgent care of the wounded, with reconstruction 
of the tissue, whereas surgery has since focused on pres- 
ervation or restoration of function, as well as cure of the 
underlying disease. As so well expressed by the Wan- 
gensteens in the subtitle of their book, The Rise of Surgery, 
surgery advanced “From Empiric Craft to Scientific Dis- 
cipline.”!° 

Surgery has also branched into a number of subspe- 
cialties. Although ophthalmology had begun to develop 
much earlier, most of the other surgical subspecialties, 
such as urology, obstetrics, and gynecology, began being 
organized shortly before the turn of the century. Neuro- 
surgery, orthopedics, and plastic surgery followed, stim- 
ulated by developments during and after World Wars I 
and II. 

Contributing to the exciting surgical advances, the rise 
of ancillary services included: 

(1) induction of anesthesia, which, although as indi- 
cated previously, was introduced about the mid-19th cen- 
tury by Long and Morton, has since been refined both 
pharmacologically and technically, including the me- 
chanical ventilation of the lungs; 

(2) chemotherapy, particularly the use of antibiotics 
for the control of infection; 

(3) blood transfusion, with the discovery of four blood 
groups by Landsteiner and Moss and the introduction of 
citrate as an anticoagulant, which made the procedure 
safe and readily available through blood banks, along with 
individual blood components for specific deficiencies; 

(4) more precise diagnostic methods and procedures, 
including x-ray (following its discovery by Roentgen in 
1895), along with angiography with use of radiopaque 
substances to visualize circulatory diseases and various 
cardiovascular organ functions and abnormalities, and 
more recently computed axial tomography (CAT) scan, 
positron emission tomography (PET), ultrasound, and 
magnetic resonance imaging (MRI); 
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(5) intermittent or continuous monitoring of various 
vital signs, gases, and cardiovascular functions; and 

(6) heparin as an effective anticoagulant to prevent 
thrombus formation and to permit maintenance of pro- 
longed circulation with the heart-lung machine. 


The Impact of Socioeconomic Forces 


The unprecedented and unforeseen changes in medi- 
cine since the turn of the century, while greatly extending 
our longevity and the quality of life, have also seriously 
complicated the delivery of health services, have altered 
the traditional physician—patient relationship, and have 
created thorny problems for patients, physicians, and the 
public.'°° Prominent themes during the past several de- 
cades have included cost-benefit analysis, cost contain- 
ment, HMOs, PRSOs, health-care accessibility, national 
health programs, alternate delivery systems, Medicare 
payments, malpractice insurance, voluntary accreditatior, 
quality assurance, medical ethics (including the contrc- 
versial active euthanasia and fetal tissue research), sci- 
entific misconduct, and an accelerating, indeed alarming 
increase in governmental regulations. In the words of Eli 
Ginzberg, “. . . the earlier untrammeled freedom of the 
profession to determine how, where, and for how long 
patients would be treated is being circumscribed by new 
rules, regulations, and protocols.” '°' 

The vigorous campaign waged by animalists against 
medical research, involving sensationalism, false infor- 
mation, terrorism, and intimidation, has adversely influ- 
enced some segments of society and has swayed some 
members of Congress. !*? These actions have cost research 
institutions millions of dollars, have curtailed or com- 
pletely halted some valuable research programs, and have 
discouraged some promising young candidates from en- 
tering research. The total effect on medical research, which 
is the source of new medical knowledge, has been dev- 
astating. 

Physicians are becoming increasingly disenchanted, 
many are leaving the profession, and fewer of the best 
and brightest are applying to medical school. The source 
of their displeasure? Medical practice no longer brings a 
sense of satisfaction; it is simply not worth the personal 
frustration and financial investment. Physicians are no 
longer permitted to decide how to take care of their pa- 
tients on the basis of their medical knowledge and training. 
Now third-party payers, the government, and various and 
sundry committees of self-designated “‘experts” dictate 
hospital admission policies, diagnostic studies, type of 
treatment, and length of hospital stay. Many of these so- 
called “experts” have never even studied medicine or 
practiced a day in their lives, and some who have are 
unfamiliar with the nuances of a particular case. 
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In this connection, Sir Raymond Hoffenberg, while 
President of the Royal College of Physicians, published 


in 1986 the Rock Carling Lectureship entitled Clinical. 


Freedom,'*’ in which he analyzed the “winds of change” 
in medicine both in Great Britain, where a state medical 
service was established more than four decades ago, and 
in the United States, and stated that “on balance, despite 
our recruitment to a State-run service, we have retained 
a substantial degree of clinical autonomy, perhaps—one 
might venture—somewhat more than our colleagues in 
America who are less overtly subject to government con- 
trol.’’!°> He stated further that “a ‘decline in clinical free- 
dom’ has taken place, and is still taking place, to a greater 
extent in their commercialized and competitive system 
than in our nationalized, bureaucratic, and more tightly 
controlled NHS.”!>? To support this belief, he quoted Dr. 
George Silver as follows: “. . . the British doctor, discon- 
tented as he or she may be with the inadequacy of the 
financial rewards of practice in the UK, or dissatisfied 
with the shabby and inadequate facilities in many places 
in which medical work is performed, is still largely free 
and untrammelled in the practice of medicine, . . 
(whereas) American physicians. . . are pinioned by reg- 
ulations and controls far beyond. . . colleagues in most 
other countries.”!*4 

The cost of a medical education in time and money is 
considerable, and the expense of starting a medical prac- 
tice and of malpractice insurance is exorbitant. The in- 
creasing litigiousness of our society has exerted additional 
pressure on physicians, many of whom believe that they 
must practice defensive medicine. Yet they also feel they 
are in a no-win situation: If they order certain tests as a 
defense against a malpractice suit, they will be accused of 
increasing the patient’s costs unnecessarily; if they do not 
order the tests, they will be accused of being negligent or 
incompetent. The general decline in esteem of the profes- 
sion also contributes to the exodus from medicine. If this 
trend continues, the efforts of those who profess to “re- 
form” the profession will be self-defeating, because the 
quality of health care and its accessibility, which the so- 
called reformists are clamoring to solve, assuredly will 
decline notably. 

The extraordinary progress made in medicine during 
the past century is in serious jeopardy today.'°> The in- 
trusion of extramedical elements also has disturbed the 
physician—patient relationship, which is so crucial to ef- 
fective health care. Despite the remarkable wonders of 
modern medicine, the patient remains the center of med- 
ical practice, and the physician—patient relationship is still 
the most critical element in effective health delivery. Any- 
thing that interferes with that is a self-defeating obstacle. 
One of the most important challenges of the future, there- 
fore, is to restore the confidence of the public in the in- 
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tegrity and dedication of the medical profession and to 
revive the trust of individual patients in their physicians. 

A troubling trend is the decline in support for medical 
research during the past decade or so. A negative impact 
of the cost-containment hysteria associated with reduction 
of the budget deficit is the creation of an unstable envi- 
ronment within the research community. The loss of 
promising young medical science investigators 1s partic- 
ularly critical because the continued integrity of the na- 
tion’s medical research enterprise depends largely on the 
availability of a pool of talented researchers, and that pool 
is now being depleted. 

All of the wondrous medical advances that have been 
so briefly touched on in this presentation rest on research. 
It would seem unnecessary to emphasize its seminal need 
and its adequate support, as well as its strong protection 
against a minority of zealous, aggressive, and often irra- 
tional groups dedicated to its elimination. Research re- 
mains our most important and, indeed, our only means 
of solving the remaining problems in medicine and thus 
of further improving the health of the people. Indeed, the 
valuable advances presented here clearly establish the va- 
lidity of that concept. 


Cost Containment 


As surgical research yielded greater and more dramatic 
advances, such as open-heart surgery, transplantation, and 
mechanical cardiac assistors, it became costlier. These 
“medical miracles” excited the public, who began de- 
manding their benefits, but balked at paying for them. 
Other fruits of technologic development, such as imaging, 
met with similar public reaction. The rising cost led the 
government to underwrite part of the health-care pro- 
gram, and as critics and the press focused increasingly on 
accelerated costs, medical practice became the subject of 
inquiry. The government intruded, presumably to control 
costs, but its methods proved not only ineffective, but 
cumbersome and obstructive. The resulting constraints 
limited the extension and quality of surgery, for the sur- 
geon’s quest is no longer determined by the intellectual 
capabilities of surgeons, but by external factors—govern- 
ment and quality-assurance criteria. Despite these con- 
straints, however, the quality of surgery has remained high. 


Cognitive and Noncognitive Medicine 


It became popular in recent years to divide medicine 
into cognitive and noncognitive disciplines—a throwback 
to the schism between medicine and surgery in the Dark 
Ages, when use of the hands was demeaned and the status 
of surgery, and indeed of all medicine, declined signifi- 
cantly. But the labeling of surgery as a noncognitive dis- 
cipline is fallacious and totally unsupported by its history 
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and achievements. To suggest that surgeons are merely 
noncerebrating technicians is to ignore their native intel- 
ligence, education, rigorous training, and performance. 
The history of surgery is replete with scholarship, and 
with innovative and highly creative activities, all highly 
cognitive endeavors, as well as with invention of instru- 
ments and new operative techniques and procedures. Any 
surgeon worth his salt arrives at a judgment regarding 
operative treatment on the basis of his own knowledge of 
the basic sciences and clinical medicine. Indeed, the 
training of a surgeon is equally as intense and is usually 
longer than that in other disciplines. Such an investment, 
with its personal and financial sacrifices, was apparently 
ignored by the advocates of the RBRVS formula. 

Moreover, every development in surgery is based on 
cognitive phenomena and is preceded by careful reasoning 
and carefully designed investigations. Consider the surgical 
treatment of congenital cardiac malformations, aneu- 
rysms, stroke, coronary artery disease, and organ trans- 
plantation. Were these and other life-saving operations 
developed by those in so-called cognitive disciplines—or 
by practicing surgeons? 

One of the most highly publicized reports regarding the 
new terminology and criteria for payment originated at 
Harvard, where, owing to its widely held perceptions as 
a scholarly institution, one would not expect vogue words 
to be used loosely and imprecisely.!°°!>’ The play that 
the sensational results of this study received in the public 
press led to calls for “restructuring” of medical fees ac- 
cording to a “resource-based relative-value (RBRV) 
scale,” that is, measurement of “relative levels of resource 
input expended when physicians produce services and 
procedures,” which is “a function of the physician’s work 
input, the opportunity cost of specialty training, and the 
relative practice costs for each specialty.” 1°” The language 
is hopelessly vague and jargonish. Hsaio and coauthors!’ 
concluded that “Invasive procedures are typically com- 
pensated at more than double the rate of evaluation-and- 
management services, when both consume the same re- 
source inputs” and that “the average family practitioner 
could receive 60 percent more revenue from Medicare,” 
whereas “the average ophthalmologist and thoracic and 
cardiovascular surgeon could receive 40 to 50 percent less 
in revenues from Medicare.” 

The formula used to obtain their results “assumed work 
input to consist of time; mental effort; knowledge, and 
judgment, and diagnostic acumen; technical skill; physical 
effort; and psychological stress.”!°° The idea of quanti- 
tating many of these qualitative factors is mind boggling, 
but it was apparently attempted with impunity. The au- 
thors concede that mental effort, technical skill, and stress 
are virtually impossible to measure objectively, so they 
blithely relied on “subjective judgments of the physicians 
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who perform particular procedures.” Interestingly, of the 
six authors of the Special Report, only one was a medical 
doctor (not a practicing surgeon) and was therefore fa- 
miliar with what is involved in the daily work of a phy- 
sician. The final statement in the article by Hsaio and 
coworkers!°° was almost a self-fulfilling prophecy: “This 
study indicates that resource-based relative values could 
serve as a rational foundation for compensating physicians 
according to the work and effort they exert in performing 
services.” 

Had the Harvard group that divided medical practice 
into “cognitive” and “noncognitive” been too lazy to 
consult a dictionary or had they been unable to understand 
the lexical entries, they could have consulted the Univer- 
sity’s English Department for an explanation of the correct 
definitions of these terms. “Cognitive” is from the Latin 
cognitivus, meaning “‘of or pertaining to knowledge.” By 
that definition, if surgery 1s a noncognitive discipline, sur- 
geons have no knowledge—presumably only technical 
skills. In earlier times, when barber-surgeons were unlet- 
tered, perhaps the term may have been applicable, but 
certainly not today. Because of the patent absurdity of 
this artificial division on the basis of intellectual involve- 
ment, because of the weakness of the arguments, and be- 
cause of the failure to substantiate the arguments with 
valid evidence, the dichotomy of “cognitive” and “non- 
cognitive” has now been dropped, only to be supplanted 
by the equally unacceptable and imprecise “procedural” 
and “nonprocedural.” But some damage was unfairly 
done to the image of surgery and surgeons. 

The folly and fallacy of the new terminology and criteria 
proposed largely by nonpractitioners and adopted by bu- 
reaucrats to gauge the monetary value of various kinds 
of health services deserves exposure. So do the inanity of 
the new lexicon and the infirmity of the thinking that 
underlies it. This is the same kind of mentality that in- 
troduced such dehumanizing terms as “consumer” for 
“patient” and “provider” for “physician.”)°® “No factor 
has tarnished the public perception of the profession more 
than its flagrant commercialisation,” wrote Sir Raymond 
Hoffenberg. “In a society in which doctors are seen as 
‘providers’ of marketable health-care products to ‘con- 
sumers’ or ‘clients,’ their standing in the community 1s 
assumed to warrant no more recognition or respect than 
that of other purveyors of essential goods.”!>? This public 
perception has been enhanced by the importunate hawk- 
ing of medicine and solicitation of patients on television 
and in other news media as though they were, indeed, 
advertising a “product.” 

The volume of “reforms” proposed by self-named 
health-care experts is exceeded only by their almost uni- 
versal inexperience in the actual practice of medicine. If 
surgery were a purely technical skill, requiring no knowl- 
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edge of the basic and clinical sciences, it would hardly 
take 10 or more years for licensure and certification. How 
many surgeons do you know who, when the patient is on 
the operating table and an unexpected finding occurs, call 
in a “cognitive” practitioner to advise him how to pro- 
ceed? The new nomenclature is only the most recent 
manifestation of the attempt to devalue and demean sur- 
gery, ostensibly 1n the interest of cost containment. 

The foregoing surgical perspective attests to the im- 
pressive, durable contributions of surgeons throughout 
medical recorded history. But it also documents their pe- 
riodic censure and denigration as noncerebral, insensitive, 
avaricious, and even venal technicians. In the Babylonian, 
Indian, Egyptian, and Classical Greek eras, surgeons were 
esteemed as educated professionals, but during the Roman 
and later Medieval periods, physicians were discouraged 
from using their hands in caring for patients by sacrodotal 
and other factors previously described. The consequence 


was a separation of medicine from surgery. This arbitrary - 


division has recurred in various forms ever since, to the 
detriment of both branches of medicine. As T. Clifford 
Allbutt has so aptly stated: “From Greece and medieval 
Italy we have to bring home the lesson that our division 
of Medicine into medicine and surgery had its root not 
in nature, nor even in natural artifice, but in clerical feudal 
and humanistic conceits.” Interestingly, when these efforts 
at estrangement have succeeded, the status of medicine 
in general has declined, whereas when the two branches 
worked together harmoniously, the entire profession 
flourished, made remarkable progress, and thus served 
humanity better. 

It deserves emphasizing that in every period of history, 
surgeons of keen intellect and high purpose, by observing 
and recording their astute clinical and experimental ob- 
servations, have helped build the estimable body of med- 
ical as well as surgical knowledge available today. Reach- 
ing beyond the manual procedure of operating, they have 
probed the anatomy, physiology, and biochemistry of the 
human body and the changes that occur as a consequence 
of disease or injury, to develop better methods of diag- 
nosis, treatment, and prevention. Despite the impedi- 
ments imposed on early surgeons, giants like Paracelsus, 
Paré, and Hunter, all barber-surgeons, refused to succumb 
and instead engaged their inquiring minds in investiga- 
tions that uncovered important concepts. The results of 
their inquiries not only improved surgery but also enriched 
all of medicine. Thus, tradition testifies to the fact that 
regardless of the barriers or the resistance, surgery will 
prevail in time. The reason is clear: surgeons have always 
made practical contributions, and in time society not only 
appreciates those services but also Gemands them. 

To the criticism, and sometimes even the humiliation, 
directed to them, surgeons have responded in a construc- 
tive way by trying to improve the education, performance, 
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and ethics of their colleagues. Thus, they have erected 
exacting training requirements, licensing and certification 
regulations, and high ethical precepts for their profession. 
These measures have lifted surgery from its status as the 
craft that some, in earlier times, and a few with danger- 
ously powerful influence are now trying to assign it, to its 
current position as a respected healing science. 

Today we are faced with new impositions inimical to 
the optimal delivery of our services—factors that threaten 
to erode the future of surgery. The ever-mounting gov- 
ernment restrictions and intrusion into every decision re- 
garding patient care; the anti-intellectual and antiscience 
attitude, characterized by the antagonism of groups like 
the animal rights zealots; the menace of malpractice liti- 
gation; and the consistent diminution in funding for re- 
search—all have a deleterious effect on our profession by 
diverting our attention from our primary concern—our 
patients. Some hospitals today spend as much as $2 mil- 
lion each year on quality assurance activities imposed on 
them, without observing any improvement occurring in 
patient health care. 

In the face of these and other hostile forces, however, 
I continue to be optimistic about the future of surgery, 
and that optimism is reinforced by my recollection of the 
dauntless spirit of our predecessors—their unquenchable 
curiosity, their dogged determination, their indomitable 
courage in opening audacious new frontiers, their basic 
meliorism, and their innate desire to alleviate human suf- 
fering. I see all these qualities in my colleagues gathered 
here today, and I feel a surge of great pride in being a 
member of such an honorable, dedicated, and productive 
group. You have added luster to the mantle of surgery 
and will, I know, pass on to the next generation of surgeons 
the intrepid spirit that has always distinguished our 
profession. Thank you, and may the future bring you only 
the best that life has to offer. 
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Pelvic Fracture from Major Blunt Trauma 


Outcome Is Determined by Associated Injuries 





GALEN V. POOLE, M.D.,* E. FRAZIER WARD, M.D.,t FARID F. MUAKKASSA, M.D.,* HENRY S. H. HSU, PH.D., 


JOHN A. GRISWOLD, M.D.,* and ROBERT S. RHODES, M.D." 


Pelvic hemorrhage has been implicated as the cause of death in 
50% of patients who die following pelvic fractures. To establish 
correlates of morbidity and mortality from pelvic fractures due 
to blunt trauma, we reviewed 236 patients treated during 4 years. 
The average age of the 144 men and 92 women was 31.5 years, 
the average Injury Severity Score was 21.3, the average blood 
requirement was 5 units, and the average hospital stay was 16.8 
days. One hundred fifty-two patients (64.4%) were injured in 
motor vehicle accidents, 33 (14%) had motor vehicle-pedestrian 
accidents, 16 (6.8%) had crush injuries, 12 (5.1%) each had either 
motorcycle accidents or falls, and 11 (4.6%) had miscellaneous 
accidents. Eighteen patients (7.6%) died, with seven (38.9%) 
deaths due to hemorrhage. Only one death was caused by pelvic 
hemorrhage. Other deaths were due to hemorrhage from other 
sites (6), head injury (5), sepsis or multiple-organ failure (4), 
pulmonary injury (1), and pulmonary embolus (1). None of the 
septic deaths was related to a pelvic hematoma. Multivariate 
multiple regression analysis showed that the severity of injury 
was correlated with indices of severity of pelvic fractures such 
as fracture site (p < 0.0001), fracture displacement (p < 0.005), 
pelvic stability (p < 0.0001), and vector of injury (p < 0.01). 
However death could not be predicted on the basis of these indices 
of severity (p > 0.28). Of the nine patients who underwent pelvic 
arteriography, three required embolization of actively bleeding 
pelvic vessels, but seven had intra-abdominal hemorrhage that 
required laparotomy, and eight developed a coagulopathy. Mas- 
sive bleeding from pelvic fractures was uncommon, and the major 
threat of hemorrhage was from nonpelyic sites. Furthermore, 
although injury severity was correlated with the severity of the 
pelvic fracture, hospital outcome was determined by associated 
injuries and not by the pelvic fracture. 


HE PELVIS POSSESSES exceptional inherent 
strength and major external forces are required 
to fracture the normal pelvis. The large volume 


of highly vascular cancellous bone and the anatomic 
proximity of major blood vessels makes severe hemor- 
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rhage the most dreaded immediate complication of pelvic 
fractures. Recent reports incriminated hemorrhage as the 
cause of death in about one half of patients who died 
following pelvic fractures. 

The considerable forces necessary to fracture the pelvis 
are often delivered to other areas of the body. Associated 
injuries are therefore common, and these injuries may 
contribute significantly to the outcome of patients with 
pelvic fracture. Because in our experience exsanguination 
from the pelvis was an uncommon event, we tried to de- 
termine the correlates of morbidity and mortality in our 
patients with pelvic fracture. This was accomplished 
through a 4-year retrospective review of our experience 
with this clinical problem. 


Materials and Methods 


The medical records of all patients admitted to the 
University of Mississippi Medical Center (UMC) from 
January 1986 through December 1989 with a diagnosis 
of pelvic fracture were reviewed. Only those patients with 
pelvic fracture from blunt trauma who were initially ad- 
mitted to our hospital were included in the study. Patients 
who were evaluated and stabilized in another hospital be- 
fore transfer to our facility were included, but those who 
were admitted to another hospital, underwent more ex- 
tensive treatment, and were later transferred to UMC were 
excluded. Also excluded were patients with penetrating 
wounds to the bony pelvis, those with pathologic fractures 
of the pelvis, and patients with avulsion fractures or frac- 
tures of only the acetabular rim. 

In addition to demographic information and mecha- 
nism of injury, a number of criteria that reflected the se- 
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verity of injury were recorded for each patient. These cri- 
teria included systolic blood pressure, respiratory rate, and 
Glasgow Coma Score in the emergency room; revised 
Trauma Score; volume of asanguinous resuscitation fluids 
received in the emergency room; blood transfusions re- 
ceived during the first 48 hours; duration of hospital stay; 
number of days in the intensive care unit; cause of death, 
if applicable; total hospital charges; associated injuries and 
Abbreviated Injury Scale (AIS) scores for each anatomic 
system;° and Injury Severity Score (ISS) calculated by the 
method of Baker et al.* The site to which the patient was 
discharged was recorded as home, other (rehabilitation 
facility, other hospital, or nursing home), or death. 


Pelvic roentgenograms were reviewed on all patients. > 


In addition to standard anterior—posterior views, inlet and 
outlet views of the pelvis were obtained in all but a few 
patients. In most instances computed tomography of the 
pelvis was performed as well. The vector of pelvic injury 
was determined from a consideration of the fracture pat- 
tern as well as from the mechanism of injury. The major 
vector of injury was classified into one of the following 
categories as defined by Pennal et al.,° and Young et al.°: 
anterior—posterior compression; lateral compression; and 
vertical shear. When there appeared to be at least two 
vectors of injury, the fracture was classified as caused by 
‘multiple forces.’ Impaction injuries were defined as frac- 
tures in which the femoral head was impacted into the 
acetabulum without any involvement of the rest of the 
pelvis. When the vector of injury could not be determined 
it was listed as ‘unknown.’ Most of the latter were isolated 
pubic or ischial ramus fractures. Each pelvic fracture also 
was Classified as open or closed. An open fracture was 
defined as one in which the skin overlying the fracture 
was violated, or in which there was an injury to the rectum 
or vagina. Fractures associated with injuries to the urinary 
bladder or urethra were considered to be closed. The an- 
atomic segment of the pelvis that was involved by the 
fracture was recorded. These categories were acetabulum, 
ilium, ischium, pubis, sacrum, or multiple sites. The 
maximal displacement of the fracture fragments or the 
gap between separated elements of the pelvis was mea- 
sured and categorized as none, mild (less than ! cm), 
moderate (1 to 2 cm), or severe (more than 2 cm). Finally 
each fracture was classified as either stable or unstable. 
An unstable fracture was defined as one in which the pelvic 
ring would not be stable with weight bearing because of 
involvement of the anterior elements (pubis and or is- 
chium) as well as loss of integrity of the posterior elements, 
either osseous or ligamentous. 

During the period of review, the standard management 
of patients with pelvic fracture at UMC was resuscitation 
with lactated Ringer’s solution and blood if needed. All 
patients had roentgenograms of the cervical spine, chest, 
and pelvis. Additional films of the spine, extremities, and 
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urinary system were obtained if clinically indicated. Pa- 
tients with obvious or suspected head injuries underwent 
computed tomography. In addition to clinical examina- 
tion, the abdomen was evaluated by diagnostic peritoneal 
lavage by a supraumbilical approach, or by computed to- 
mography if the patient was hemodynamically stable. Pa- 
tients with a red blood cell count of more than 100,000/ 
mL or a white blood cell count of more than 500/mL, or 
clinical or radiographic evidence of visceral injury re- 
quiring repair underwent exploratory celiotomy. Ifa pelvic 
hematoma was present it was not entered. Patients with 
unstable or displaced pelvic fractures had an external fix- 
ator applied in the operating room. If this did not control 
bleeding in the pelvis, or if the volume of bleeding was 
too great to respond to osseous fixation, arteriography 
was performed in angiography. Actively bleeding vessels 
were embolized with autologous clot, gelatin sponge, or 
coils. 

All data were recorded on a custom database on an 
IBM personal computer (Armonk, NY). Statistical anal- 
ysis was performed using SAS software (SAS Institute Inc., 
Cary, NC) running on an IBM mainframe computer. 
Continuous data were tested by t tests, analysis of variance, 
or regression analysis, as appropriate. Categoric data were 
evaluated by chi square tests. Multivariate multiple 
regression (canonical) analysis was used to calculate the 
individual and collective contribution of multiple inde- 
pendent factors on combined outcome criteria. A type I 
error probability of 0.05 was established as the minimal 
level of significance. 


Results 


During the 48-month period of review, 305 patients 
with pelvic fractures were admitted to UMC. Sixty-nine 
patients were excluded for the following reasons: 34 were 
transferred from another hospital from 1 to 60 days after 
injury; 19 patients had a fracture of the acetabular labrum 
or an avulsion fracture as the only pelvic fracture; 8 had 
penetrating wounds of the bony pelvis; 6 patients had 
pathologic fractures. Two records could not be found. Of 
the remaining 236 patients, there were 144 men (61%) 
and 92 women; their mean age was 31.5 years (range, | 
to 86 years). Almost two thirds were injured in motor 
vehicle accidents, and only one of these—an elderly man 
with a fracture of the dome of the acetabulum—was 
wearing a seatbelt. Thirty-three pedestrians were struck 
by a motor vehicle, 16 patients were crushed, 12 each 
were injured in motorcycle accidents or falls, and 11 were 
injured in miscellaneous accidents (bicycle versus motor 
vehicle, all-terrain vehicle, and boating accidents). The 
mean ISS was 21.3. Blood transfusions were not needed 
in 85 patients (36%). The 151 patients who required blood 
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Mechanism Motor Vehicle MV -Pedestrian 

Number (%) 152 (64.4) 33 (14) 
Age (yrs) 30.4 32.0 
Revised trauma score 11.0 10.3 
ISS 21.6 26.2 
Units of blood in first 

48 hours 4.8 6.7 
Hospital days 16.9 16.8 
Hospital charges $18,348 $18,437 
Deaths (% of group) 10 (6.6) 5 (15.2) 


* p < 0.05. 


received | to 48 units, with a mean transfusion volume 
of 7.8 units. Hospital stay averaged 16.8 days. 

When examined by mechanism of injury (Table 1), 
patients injured in falls and crushing accidents tended to 
be older and had lower ISS values and smaller transfusion 
requirements than other patients. Those with injuries from 
miscellaneous causes were younger than the other patients 
because this group included several children injured in 
bicycle-motor vehicle collisions. Their ISS values and the 
number of units of blood administered to them were less 
than in patients in motor vehicle, motorcycle, or motor 
vehicle versus pedestrian accidents. The greatest proba- 
bility of death was in the last two categories, but the dif- 
ferences in mortality rates were not significant. There were 
no significant differences among the groups with regard 
to revised Trauma Score, hospital charges, or duration of 
hospital stay. 

Eighteen of the 236 patients died (mortality rate, 7.6%), 
and of these, seven deaths (38.9%) were caused by hem- 
orrhage. One patient with a severely comminuted open 
pelvic fracture died of irreversible shock from pelvic 
exsanguination, despite successful embolization of an ar- 
teriographically demonstrated bleeding vessel. Five pa- 
tients died from abdominal hemorrhage caused by massive 
visceral or vascular injuries, and one patient exsangui- 
nated from a traumatic above-knee amputation with con- 
tralateral open fractures of the femur and tibia. Of the 11 
deaths not caused by hemorrhage, 5 patients died from 
head injuries, 2 died of sepsis, 2 from multiple-organ fail- 
ure, 1 from respiratory failure due to a severe pulmonary 
contusion, and 1 from a pulmonary embolus, despite ap- 
propriate prophylaxis. Only one of the patients whose 
death was caused by abdominal hemorrhage had a pelvic 
hematoma, but the volume of blood in the pelvis was 
small compared to the massive blood loss from rupture 
of the abdominal aorta. None of the deaths from sepsis 
or multiple-organ failure were related to the pelvic frac- 
ture. All four patients had major cavitary hemorrhage 
and a head injury; their pelvic hematomas were small or 
nonexistent. 


Crush Motorcycle Fall Miscellaneous 
16 (6.8) 12 (5.1) 12 (5.1) 11 (4.6) 
44.2* 27.6 45,9* 17.6 
11.8 10.8 11.9 11.4 
17.4* 21.4 12.1* 17.4 
4.4 8.2 2.9* 1.8* 

17.8 20.4 13.7 13.2 
$17,251 $25,692 $8182 $13,196 
0 (0) 2 (16.7) 1 (8.3) 0 (0) 


ISS, Injury Severity Score; MV, motor vehicle. 


Nine patients with severe hemorrhage underwent ar- 
teriography for evaluation of suspected bleeding from the 
pelvic fracture. Only three of them had active bleeding 
from a pelvic vessel, and these were embolized success- 
fully. Two patients survived and one died of irreversible 
shock. All six patients without active pelvic bleeding sur- 
vived; all of them had a pelvic hematoma, but three were 
only small or moderate in size. Of the nine patients who 
underwent pelvic arteriography, seven had significant in- 
tra-abdominal bleeding that required celiotomy for con- 
trol. Injuries were to the spleen (3 patients), liver (3 pa- 
tients), and small bowel mesentery (2 patients). Three pa- 
tients had pelvic arteriograms before peritoneal lavage 
because their bleeding was thought to be from their severe 
pelvic fractures. Arteriograms were negative in all three, 
but celiac and mesenteric injections were not performed. 
Eight of the nine patients in whom pelvic arteriograms 
were obtained developed a coagulopathy because of major 
hemorrhage and volume replacement, and their coagu- 
lopathy probably contributed to small-vessel and med- 
ullary bleeding into the pelvis. 

Indices of injury severity were analyzed with regard to 
the following aspects of the pelvic fractures: anatomic site, 
vector of injury, maximal fracture displacement, and sta- 
bility. Patients with fractures in multiple geographic areas 
of the pelvis had more severe injuries than patients with 
fractures in only one area. The only exceptions were that 
patients with acetabular fractures had higher AIS scores 
for the face than did patients with multiple fractures, and 
there were no differences among groups in Glasgow Coma 
Score or AIS scores for the head/neck and external sys- 
tems. Patients whose pelvic fractures were confined to the 
acetabulum, ilium, pubis, or ischium had very simular 
values for all criteria of injury severity. 

Compared to those with anterior—posterior compres- 
sion, impaction, and unknown vectors of injury, patients 
with multiple force injuries had the highest requirement 
for crystalloid resuscitation, the lowest systolic blood 
pressure, the greatest hospital charges, and the longest du- 
ration of hospitalization (p < 0.03). Along with patients 
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with vertical shear injuries, they also had the highest AIS 
scores for the abdomen and the highest ISS values (p 
< 0.0001). Other differences among groups were not great, 
and because of large variances were not statistically sig- 
nificant. There were no significant differences in any of 
the injury severity criteria between patients with lateral 
compression, vertical shear, or multiple force injuries. 

The amount of displacement of the pelvic fracture was 
roughly correlated with injury severity criteria, but the 
differences were inconsistent and were primarily between 
patients with no fracture displacement and those with ei- 
ther moderate or severe displacement. Instability of the 
pelvic fracture was the best predictor of injury severity. 
As shown in Table 2, there were substantial differences 
between patients with stable pelvic fractures and those 
with unstable fractures, with the latter having more severe 
associated injuries. 

Multivariate multiple regression analysis demonstrated 
that stability of the pelvis had the highest correlation with 
injury severity criteria (r = 0.56, p < 0.0001). Site(s) of 
the fracture had the next highest correlation (r = 0.51, p 
< 0.001), but its predictive ability was reduced because 
it could distinguish only between patients with fractures 
in either one anatomic area of the pelvis or fractures in 
more than one area. Correlations of injury severity with 
displacement of the fracture (r = 0.41, p < 0.005) and 
with the vector of injury (r = 0.42, p < 0.01) were signif- 
icant but contributed little to predictive capability. If site 
and stability of the pelvic fracture were known, their 
combined correlation with injury severity criteria was in- 
creased slightly to 0.59 (p < 0.0001). Adding displacement 
did not improve prediction (r = 0.60, p < 0.0001). Sim- 
ilarly, if displacement and stability were known (r = 0.59, 
p < 0.0001), adding vector of injury did not alter the 


TABLE 2. Injury Severity Criteria and Pelvic Fracture Stability 


Criteria Stable Unstable 
Systolic BP 114.1 101.8* 
Glasgow Coma Score 13.8 13.6 
Revised Trauma Score 11.1 10.6 
Units of blood in first 48 hours 2.6 5:6" 
Crystalloid volume (mL) 1477.0 2568.4* 
ICU days bI 3 
Hospital days 14.8 2257 
Hospital charges $14,051.8 $28,720.2* 
AIS, abdomen 0.67 1.93* 
AIS, chest 0.91 1.33* 
AIS, extremities 2.72 , 3.81* 
AIS, face 0.41 0.26 
AIS, head/neck 1.13 1.43 
AIS, external 0.96 1.08 
ISS 18.08 29.67* 

* p < 0.05. 


BP, blood pressure; ICU, intensive care unit; AIS, Abbreviated Injury 
Scale; ISS, Injury Severity Score. 
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TABLE 3. Injury Severity Criteria and Discharge Site 
Discharge Site 
Criteria Home Other* Death 
Systolic BF 114.4 104.3 74.17 
Glasgow Coma Score 14.2 12.9 8.8t 
Revised Trauma Score 11.4 10.0 6.94 
Units of blood in first 
48 hours 2.1 5.7 17.47 
Crystalloid volume (mL) 1583.0 2728.94 3429.07 
ICU days 1.4 2.8 4.72 
Hospital days 17.0 29.74 6.17 
Hospital charges $16,582.7 $32,773.0t  $24,543.8 
AIS, abdomen 0.91 0.83 2.127 
AIS, chest 0.89 2.084 1.825 
AIS, extremities 2.94 3.50} 3.41£ 
AIS, face 0.30 0.58 1:124 
AIS, head/neck 1.01 [1.92 3.004 
AIS, external 0.94 1.50 1.35 
ISS 18.54 29.754 45.244 


* Other: rehabilitation facility, nursing home, or other hospital. 

+ Different from home, other. 

ł Different from home. 

BP, blood pressure; ICU, intensive care unit; AIS, Abbreviated Injury 
Scale; ISS, Injury Severity Score. 


ability to predict injury severity (r = 0.58, p < 0.0001). 
Because of a close relationship between fracture site and 
vector of injury, it was not possible technically to evaluate 
by canonical analysis any contribution of these two vari- 
ables in combination to predicting injury severity. 

As would be expected, final disposition was closely re- 
lated to indices of injury severity (Table 3). Patients who 
died had the most severe injuries, those who were dis- 
charged to home had less severe anatomic injuries and 
physiologic derangements, and those who were discharged 
to a rehabilitation facility or to a nursing home tended to 
have injuries of intermediate severity. When outcome was 
evaluated with regard to the severity of the pelvic fracture, 
there was no association between any aspect of the pelvic 
fracture and final disposition. Vector of injury (p = 0.29), 
amount of fracture displacement (p = 0.57), site of pelvic 
fracture (p = 0.77), and pelvic stability (p = 0.94), either 
individually or collectively, could not predict whether a 
patient would live, die, or have a significant disability. 


Discussion 


Pelvic fracture has been recognized for decades as a 
serious injury associated with high mortality rates. The 
considerable forces that are required to fracture the pelvis 
also involve other areas of the body, resulting in many 
associated injuries. Despite these injuries, massive hem- 
orrhage within the pelvis has received a great deal of at- 
tention as one of the major consequences of pelvic frac- 
tures. This bleeding can originate from exposed cancellous 
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bone and injured soft tissue at the fracture sites, or from 
veins or arteries that traverse the pelvis. Under normal 
circumstances the blood is contained within the pelvis 
between the parietal peritoneum superiorly and the strong 
fibromuscular and bony walls of the pelvis. If these barriers 
are violated by the wounding forces or at surgery, the 
bleeding no longer will be contained and exsanguination 
can occur. This accounts for the high mortality rate as- 
sociated with open pelvic fractures’® and also for the dis- 
mal results associated with attempts to achieve hemostasis 
by either direct surgical control of bleeding vessels or bi- 
lateral hypogastric artery ligation. Despite initial enthu- 
siasm for these techniques,”’? individual ligation of 
bleeding vessels in pelvic hematomas is almost never 
technically feasible,'! and attempts to do so will breach 
the peritoneum, which contains the hematoma. The rich 
collateral flow of blood within the pelvis prevents hypo- 
gastric artery ligation from being effective. More than 20 
years ago Burchell’? showed that ligation of both hypo- 
gastric arteries reduced mean arterial pressure in the distal 
arteries by only 24%, and on the basis of a review of the 
literature, Patterson and Morton!? concluded that hy- 
pogastric artery ligation was of no value in the control of 
hemorrhage associated with pelvic fractures. 

Pneumatic antishock garments!‘ and fracture fixation 
with an external frame!? have been promoted as tech- 
niques to reduce bleeding from pelvic fractures by pro- 
viding tamponade, apposing the fracture fragments, and 
reducing the volume of the pelvis. The placement of packs 
would have similar effects but would require a celiotomy 
and secondary operations to remove the packs. Although 
these techniques are clearly helpful in some patients with 
significant hemorrhage from pelvic fractures, when bleed- 
ing originates from major arteries the only effective tech- 
nique is a direct approach to the vessels. As stated above, 
a direct surgical approach is neither easy nor wise, but a 
transvascular approach allows the surgeon to avoid the 
problems inherent in entering the hematoma. Angio- 
graphic demonstration and control of bleeding from pelvic 
fractures was first proposed by Athanasoulis et al.!° in 
1971, and following its first reported use in 1972 by Mar- 
golies et al.,'’ this technique has become the standard 
approach for control of persistent arterial bleeding asso- 
ciated with pelvic fractures. Although successful embo- 
lization and control of pelvic hemorrhage can be achieved, 
the reported mortality rate following transcatheter em- 
bolization varies from 35% to 89%.'®-** Most of the deaths 
are caused by associated injuries, not by the pelvic fracture. 
When embolization failure occurs, it is almost always in 
association with a severe secondary coagulopathy. 

Cryer et al.! tried to predict the probability of major 
bleeding in pelvic fractures by classifying them into dis- 
crete categories of ‘stable’ or ‘unstable.’ They defined in- 
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stability as a gap or displacement of the pelvic fracture of 
more than 0.5 cm, without regard to whether there was 
any mechanical instability of the pelvis. They found that 
they could predict with 90% certainty that 50% to 69% of 
patients with an unstable pelvic fracture would require at 
least a four-unit blood transfusion. Nearly one half of 
the patients with an unstable pelvic fracture had an as- 
sociated intra-abdominal injury. When these patients were 
excluded from analysis, the authors reported that there 
was still ‘a moderate to good correlation’! between pelvic 
fracture instability and blood transfusion requirements, 
but certainly some of the blood losses in their patients 
were from extrapelvic sites of injury. Furthermore their 
classification system did not define a group of patients 
with pelvic fractures who were not at risk for major bleed- 
ing because up to one fourth of patients with stable pelvic 
fractures would need four or more units of blood. 

Trunkey et al.” showed that more severe pelvic fracture 
patterns are associated with a greater number and severity 
of associated injuries. Similar conclusions were reached 
by other investigators**~*® using classification schemes of 
varying complexity. The common determinant of injury 
severity and morbidity in each of these studies was insta- 
bility of the pelvic fracture, but most of the deaths in their 
patients were caused by associated injuries and were not 
due to the pelvic fracture. 

In this study we corroborate that the pelvic fracture is 
a marker of injury severity and further demonstrated that 
the pelvic fracture, regardless of severity, does not deter- 
mine the final outcome. Most pelvic fractures are relatively 
straightforward and require no specific treatment other 
than bedrest and analgesics. These fractures are usually 
caused by low-intensity forces and are associated with few 
and relatively minor injuries to other anatomic areas. 
Larger forces from high-speed motor vehicle accidents or 
crushing injuries result in increased pelvic fracture com- 
plexity, which is correlated with an increased risk of com- 
plications and a greater probability of more severe asso- 
ciated injuries. | : 

The number of anatomic units of the pelvis that have 
been fractured and the amount of displacement of those 
fractures can be determined easily by a review of standard 
pelvic roentgenograms, with little interobserver variability 
for these parameters. Pelvic fractures that involve multiple 
areas of the pelvis and greater amounts of displacement 
of the fractures are associated with more severe injuries 
to other areas of the body. These more complex fractures 
are more likely to be mechanically unstable, and the high- 
est correlate of injury severity is the presence of pelvic 
instability. Loss of stability by disruption of the strong 
posterior elements of the pelvic arch requires the trans- 
mission of major forces to the pelvis, and this is associated 
with the delivery of similar forces to other areas of the 
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body, especially the head, chest, and abdomen. The se- 
verity of injuries to these areas determines the outcome 
from injury in most patients. Stability or instability of the 
pelvis can be implied from pelvic roentgenograms, but 
this is also a clinical determination that usually is readily 
apparent. It is somewhat more difficult to categorize the 
mechanistic vector of injury to the pelvis. The classifi- 
cation system first proposed by Pennal and Sutherland?’ 
has been modified to enhance its precision and has been 
very useful in explaining the patterns of fractures asso- 
ciated with various directions of energy transmission to 
the pelvis. Dalal et al.” developed an elaborate classifi- 
cation system for pelvic fractures based on vector and 
severity of injury to the pelvis. They reported that the 
mechanism (vector) of injury was related to the pattern 
of associated organ injuries, blood losses, and outcome. 
Unfortunately not all pelvic fractures can be classified 
accurately as to vector of injury; there is a moderate degree 
of variability of classification among observers. This 
probably accounts for the lower correlations that we ob- 
served between injury vector and injury severity criteria 
than with other aspects of the pelvic fracture. It is note- 
worthy that the most severe pelvic fractures in the series 
reported by Dalal et al.” were also the most unstable, 
emphasizing the fact that loss of pelvic stability is highly 
correlated with overall injury severity, as we demonstrated. 

The fact that indices of severity of the pelvic fracture 
correlated with indices of injury severity, but not with 
final hospital outcome was an unexpected finding. This 
emphasizes that a diligent search must be made for other 
injuries in patients with pelvic fractures, and the more 
severe the pelvic fracture, the more likely the patient will 
have severe injuries to other anatomic areas. These injuries 
usually can be identified by physical examination and 
standard diagnostic studies in the trauma patient, such as 
chest roentgenograms, peritoneal lavage, or computed to- 
mography. Unless the patient is clearly bleeding from the 
pelvis, and not from some other site, these injuries must 
take priority over the pelvic fracture. This approach is 
supported by Moreno et al.? and by Evers et al.,!®> who 
advocated celiotomy in all patients with pelvic fractures 
who have grossly positive peritoneal lavage. When the 
lavage is negative, or is positive by red cell count, they 
recommended that patients who were hemodynamically 
unstable should have the pelvis stabilized by placement 
of an external frame. Patients who continued to have pel- 
vic bleeding after this maneuver should undergo arteri- 
ography. 

Massive hemorrhage from the pelvis almost invariably 
originates from named arteries. Although tamponade with 
a pneumatic antishock garment or fracture stabilization 
with an external fixator may provide some benefit, all of 
these patients will require arteriography, with emboliza- 
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tion ofactively bleeding vessels. Such injuries are uncom- 
mon and usually seen with open pelvic fractures. Patients 
with relatively large pelvic hematomas often have normal 
pelvic arteriograms with no evidence of ongoing hemor- 
rhage. This may be due to tamponade of the bleeding by 
a contained hematoma, but in our experience this scenario 
often is caused by a coagulopathy due to major cavitary 
hemorrhage, shock, and hypothermia. The pelvic hem- 
orrhage is from cancellous bone and the surrounding soft 
tissues. It cannot be identified by arteriography and per- 
sists because of the coagulopathy. The appropriate treat- 
ment is to search for and control bleeding from the chest, 
abdomen, or other sites while simultaneously resuscitating 
the patient from shock and replacing platelets and coag- 
ulation proteins. Warming intravenous fluids in the 
trauma room is important to prevent or reverse hypo- 
thermia, which contributes to coagulopathy, but the best 
way to warm the patient is to restore visceral perfusion 
and thereby support metabolism. Early pelvic fracture 
stabilization should be performed to prevent the compli- 
cations of prolonged bedrest. Although the application of 
an external frame might reduce the amount of bleeding 
from cancellous bone, it cannot be expected to provide 
significant benefit if the bleeding originates from major 
pelvic vessels or continues because of a coagulopathy. 
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DISCUSSIONS 


Dr. Lours BRITT (Memphis, Tennessee): Dr. Rhodes has done an 
outstanding job, not only in analyzing these patients but also in presenting 
this unbelievable mass of data. I think you are to be congratulated on 
your mortality rate of 7%, which is about one half that reported by Drs. 
Fabian and Fox from our institution. 

I am uncertain about the cause of this. We think this discrepancy is 
either because you are better doctors or there is a problem in our clas- 
sification. Would vou define what you consider an open pelvic fracture? 
Because 43% of our pelvic fractures were open; therefore the bleeding, 
and so forth, was into other areas, 

Second I certainly agree, and it has been our experience that most 
deaths have been due to associated injuries. You stated in your conclu- 
sions that the major hemorrhage comes from named arteries. You only 
had three named arteries embolized in 9 of 239 patients arteriogramed. 
I think this leads us to the issue that we have all talked a great deal about: 
arterial embolization and pelvic angiography. 

I wonder if you could tell me what the place of this is, not only in the 
diagnosis but also in the treatment of these patients. Sometimes we get 
involved with the technology and our good sense gets away from us. 

Finally we have found something that we think is very significant in 
the last couple of years, and that is external fixation. We believe this has 
reduced the pelvic hemorrhage. 

One of the most important things Dr. Rhodes has done, in addition 
to a lot of hard work, is that he has stressed that the pelvic fracture does 
not kill patients; rather it is the associated injuries that cause deaths. 
And when patients are in shock we should look outside the pelvis for 
another source of hemorrhage. 


DR. ANTHONY MEYER (Chapel Hill, North Carolina): I would like 
to congratulate the authors on an excellent paper and the use of multi- 
variate analysis to try to identify the factors that contribute to survival 
from pelvic fractures. 

I have three questions. First what criteria did vou use for arteriography: 
absolute blood loss, rate of transfusions, or any evidence of hemodynamic 
instability? 

Second did you have any protocols for either the evaluation, such as 
using abdominal or pelvic computed tomography or treatment, such as 
when you would use external fixation? 

Third what was the frequency of severe coagulopathy or profound 
hypothermia in vour series overall? Because these are, obviously, con- 
tributing factors in these patients, as you mentioned, on whom did you 
perform arteriography? 

One of the things that struck me the most was the fact that only one 
of those patients was wearing a seat belt, which might prompt some 
question as to the value of seat belts for vehicular passengers. 
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Dr: LEWIS FLINT (New Orleans, Louisiana): Let me preface my ques- 
tions by stating that on two previous occasions we presented data con- 
cerning pelvic fractures to this group. The last time was this past year. 
And in both of those presentations, we stressed the use of a multimodality 
evaluation approach that identified in priority those sites of bleeding 
outside the pelvis, followed by the injuries that are common to the gen- 
itourinary system, then the pelvic bleeding. 

In your manuscript, it implies, at least, that you took a different ap- 
proach, in that you tried to identify the pelvic bleeding site before you 
identified the extrapelvic bleeding sites. 

We think that may be the wrong order in which to do things, and I 
wonder if the coagulopathy that you implied was a contributor to the 
pelvic hemorrhage in some of your patients may have been encountered 
because of delay in dealing with the extrapelvic bleeding sites. 

I’m not quite sure—maybe you can clarify for me—what is the bottom- 
line message of your paper. If it is that we need to have a highly disciplined 
approach to these injuries and that extrapelvic bleeding sites are important 
determinants of the outcome, then I agree with you completely. 

But if your thesis is that the site of the bleeding i in the pelvis is not 
important a factor in the outcome of these injuries, then we have some 
grounds for disagreement. Perhaps you could clarify that in your closing. 


DR: GALEN V. POOLE (Closing discussion): Dr. Britt, I do not think 
that the difference in mortality rate has anything to do with the quality 
of the physicians. To some extent it may be because we were very vigorous 
in identifying all patients with pelvic fractures, even those with fairly 
minor injuries to the pubic rami and things of that nature, which may 
not have been coded in your own series or those of others or may not 
have been included although they were identified. We may have had a 
larger proportion.of relatively minor injuries that would not be associated 
with significant injuries to nonpelvic sites. 

An open fracture, by our definition, was one that involved the overlying 
skin, the rectum; or the vagina. We did not include those that involved 
the bladder or other areas of the genitourinary system because, in most 
circuinstances, those areas would be sterile. There would be very little 
contamination that would involve them, and patients were not likely to 
have a greater incidence of death from pelvic hemorrhage if they had an 
injury to the bladder compared to those with other closed fractures. 

You asked what the role of hemorrhage was and how we identified 
the patients who would have arteriography. 

If a patient seemed to bé bleeding to death, had no blood in the chest, 
no external sites of hemorrhage from extremities, a negative lavage or 
lavage that was positive only by counts, then that was a patient who 
probably was bleeding into the pelvis: 

This is not new information, and we are not trying to present anything 
revolutionary. We are re-emphasizing the importance of what will cause 
death in these patients. 
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You did mention the use of external fixation. We have used external 
fixation for a number of years. Our orthopedic surgeons are, in general, 
very keen on the use of external fixation to improve stability and slow 
bleeding. In all honesty, I have no data to suggest that this may be effective, 
and it may even be true that it has no effect or only a minimal effect, 
especially in patients whose bleeding is arising from large arteries. 

Dr. Meyer asked what criteria we used for arteriography, and I hope 
that I have clarified that in my answer to Dr. Britt’s question. If there is 
no evidence of nonpelvic hemorrhage and the patient appears to be 
bleeding to death or is in significant hemorrhagic shock, those patients 
need an arteriogram. And I am not sure that an external fixator will help 
them; not if they are bleeding from the pudendal artery or a gluteal or 
one of the other major vessels in the pelvis. 

External fixation was used primarily when it appeared that the pelvic 
fracture was grossly unstable mechanically. There was no other protocol 
or criteria that we used to select external fixation, but it was used fairly 
frequently. 

The overall incidence of coagulopathy in the entire series was about 
5% to 6%. These patients were usually the ones who were more seriously 
injured and had lost significant volumes of blood, but the blood may 
not have been lost into the pelvis. It was often from nonpelvic sites. And 
when they developed hemorrhagic shock with poor tissue perfusion, they 
clearly developed coagulopathy because of hypothermia and the replace- 
ment of blood with asanguinous fluids as well as banked blood. 
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Dr. Meyer also mentioned that only one of those patients was wearing 
a seat belt. I would remind the audience that the state of Mississippi has 
the lowest percentage of seat belt use of any state in the union, only 17%. 
This is a problem that we deal with every day, unfortunately. 

In answer to Dr. Flint’s questions, I do not think we really disagree. 
I think we have just used a slightly different approach. We also stressed 
a multimodality approach in these patients. And although he may have 
thought that we were looking for pelvic hemorrhage before we looked 
for other sites of hemorrhage, that is really not the case. 

There were three patients in whom there were protocol violations, 
although these were not done under strict protocol; it was more of a 
commonsense judgment. But these three patients were taken to the ar- 
teriogram suite, had arteriography, had no sites of pelvic hemorrhage, 
and then someone decided that perhaps we should have done a lavage 
earlier. Those were clearly errors on our part in management. They oc- 
curred in the heat of battle, often with some inexperienced residents who 
may not have been communicating as well as they should have. But, in 
general, patients were evaluated with lavage or computed tomographic 
scanning to address abdominal hemorrhage before any pelvic sites were 
evaluated. 

The bottom line is simply that you cannot ignore the abdomen as a 
site of major hemorrhage. You cannot ignore the chest or the importance 
of head injuries in these patients, who are usually injured in motor vehicle 
accidents or by other blunt forces with which they are very likely to have 
injuries outside of the pelvis, which really determines their outcome. 
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During a 5-year period, 482 patients with liver injuries were 
studied prospectively: 65% resulted from penetrating and 35% 
from blunt injuries. The injuries were graded by the hepatic injury 
scale (grades I to VI); transfusion requirements and perihepatic 
abscesses correlated with increasing scores. Minor surgical 
techniques were needed in 338 patients and 144 patients required 
major techniques. Omental packing was used in 60% of the major 
injuries and yielded 7% mortality and 8% abscess rates. Gauze 
packs were used for management of 10% of major injuries and 
yielded 29% mortality and 30% abscess rates. The patients were 
randomized to no drain, closed suction, or sump drainage and 
respective perihepatic abscess rates were 6.7%, 3.5%, and 13% 
(p < 0.03; suction compared to closed suction). Multivariate 
analysis demonstrated increasing abdominal trauma indices and 
transfusion requirements as well as sump drainage to be asso- 
ciated independently with perihepatic infection. 


EDUCING THE MORBIDITY and mortality from 
R hemorrhagic shock and subsequent sepsis re- 

main the main obstacles in the management of 
liver trauma. Many approaches for operative management 
of complex liver injuries are used, including packing tech- 
niques, resectional debridement, and hepatotomy with 
vascular ligation. Recent reports implicated clinical pa- 
rameters, including shock, transfusion, severity of liver 
injuries, and associated injuries, as predisposing factors 
for septic complications.!* Not only has the optimal type 
of hepatic drainage been questioned, indeed, whether any 
drainage is of value remains unresolved.” ” The purpose 
of this study was to evaluate the efficacy of our surgical 
approach with particular emphasis on liver injury-related 
sepsis. Closed suction, sump, and no drainage were applied 
randomly in an attempt to resolve the issue of the optimal 
drainage technique. 
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Materials and Methods 


From November 1985 to October 1990, all patients 
with liver injury admitted to the Presley Regional Trauma 
Center following penetrating or blunt trauma were eval- 
uated prospectively. Severity of liver injury was graded 
according to the American Association for the Surgery of 
Trauma (AAST) Hepatic Injury Scale (Table 1).® Analysis 
of morbidity included presence of perihepatic abscess, bile 
leak by 99m Tc-dimethyl iminodiacetic acid (HIDA) scan, 
and length of hospitalization. Risks analyzed for morbidity 
included mechanism and severity of injury, transfusion 
requirements, operative management, presence of hollow 
viscus injury, and method of drainage. Patients who died 
within 48 hours of admission were excluded from all 
morbidity analyses but all were evaluated for mortality. 

All patients with gunshot wounds to the torso inferior 
to the nipple line and superior to the inguinal creases 
underwent abdominal exploration. Stable patients with 
anterior stab wounds underwent local exploration fol- 
lowed by laparotomy if the anterior fascia was violated. 
Stable patients with stab wounds to the back or flank were 
initially observed and serially examined; they received 
laparotomy if they became unstable or developed abdom- 
inal tenderness. Following blunt trauma, indications for 
abdominal exploration included a positive diagnostic 
peritoneal lavage, abdominal computed tomography (CT) 
demonstrating intra-abdominal injury, or abdominal 
tenderness on physical examination. 

Our institutional approach to operative management 
of liver injuries is as follows: initially the falciform liga- 
ment is divided and the anterior surface inspected. Lap- 
arotomy pads are used to pack the liver while the rest of 
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TABLE 1. Liver Injury Scale 
Grade* Injury Description 
I Hematoma Subcapsular, nonexpanding, <10% 
surface area 
Laceration Capsular tear, nonbleeding, <! cm 


parenchymal depth 

Subcapsular, nonexpanding, 10%-50% 
surface area 

Capsular tear, active bleeding; 1-3 cm 
parenchymal depth, <10 cm in 
length 

Subcapsular, >50% surface area or 
expanding; ruptured subcapsular 
hematoma with active bleeding; 
intraparenchymal hematoma >2 cm 
or expanding 

>3 cm parenchymal depth 

Ruptured tntraparenchymal hematoma 
with active bleeding 

Parenchymal disruption involving 
25%-50% of hepatic lobe 

Parenchymal disruption involving 
<50% of hepatic lobe 


II Hematoma 


Laceration 


HI Hematoma 


Laceration 
IV Hematoma 


Laceration 


V Laceration 


Vascular Juxtahepatic venous injuries; ie., 
retrohepatic vena cava/major hepatic 
veins 

VI Vascular Hepatic avulsion 


* Advance one grade for multiple injuries to the same organ. 
t Based on most accurate assessment at autopsy, laparotomy, or ra- 
diologic study. 


the abdomen is explored. The right lobe is mobilized 
completely by dividing the nght triangular and coronary 
ligaments. The left lateral segment is similarly mobilized 
if necessary. In some cases compression of the porta he- 
patis (Pringle maneuver) is helpful for temporarily control 
of hemorrhage. Hemorrhage is controlled initially with 
direct pressure, then individual bleeding vessels are iden- 
tified and ligated. Deep mattress sutures are not used for 
hemostasis. All injuries with obvious arterial hemorrhage 
are explored. Hepatotomy is indicated for deep penetrat- 
ing injuries when either arterial hemorrhage or profuse 
venous bleeding is present. Prompt definitive therapy then 
is performed to avoid coagulopathy associated with con- 
tinued blood loss and hypothermia. 

Definitive operative management of the liver injury was 
classified as either minor or major. Minor therapy in- 
cluded topical hemostatic techniques (including local 
pressure on the liver with laparotomy packs or topical 
hemostatic agents), electrocautery, and individual suture 
of superficial bleeding vessels. Minor therapy was used 
almost exclusively for grades I and II injuries. Major ther- 
apy included omental packing (which required at least 
grade III injury), individual suture of large vessels within 
hepatic parenchyma, resectional debridement, and gauze 
packing. Omental packing was used in patients with deep 
lacerations (at least three cm deep), stellate fractures, and 
burst injuries. After all bleeding vessels are individually 
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ligated, omentum is packed into the hepatic defect after 
mobilization off the transverse colon. Care is taken to 
avoid damaging the vascular pedicle. Bleeding from the 
defect is controlled by omental tamponade; the omentum 
is then sutured into place with running polypropylene 
suture. Only patients with severe liver and/or associated 
injuries who developed intraoperative coagulopathy re- 
ceived gauze packing to prevent exsanguination. Tam- 
ponade of hemorrhage is achieved by placing laparotomy 
packs anterior and posterior to the bleeding liver and then 
closing the abdomen. All survivors with gauze packing 
returned to the operating room (after the coagulopathy 
and hypothermia were corrected) 24 hours after the initial 
procedure for pack removal. If technically possible, 
omental packing then was performed. 

During the first half of the study, patients were ran- 
domized to receive either sump drains (date of admission 
an even number) or no drain (date of admission an odd 
number). During the second half of the study, patients 
were randomized to receive either closed suction drains 
or no drain by the same randomization scheme. Thus one 
half of the patients had no drainage, and the others had 
one of the two drainage techniques. When the daily 
drainage was less than 20 mL (usually 3 to 6 days after 
operation), closed suction drains were removed. Sump 
drains were advanced 2 to 3 cm per day when the drainage 
was less than 20 mL per day. Gradual removal was ac- 
complished during a few days to allow the potentially col- 
onized tract to heal from the inside out. 

As part of the protocol, patients received HIDA scans 
on postoperative days 5, 6, or 7 to determine the presence 
or absence of bile leak. Scans were examined for the fol- 
lowing details: space-occupying lesions (hematoma, ab- 
scess), or abnormal bile collections. A bile leak was defined 
as any bile collection, either intrahepatic or extrahepatic. 
Early deaths or those patients discharged from the hospital 
before postoperative day 5 did not have HIDA scans. 

Liver-related complications were defined as either peri- 
hepatic abscesses or bile leaks. Perihepatic abscesses in- 
cluded all purulent collections in the right subphrenic 
space, subhepatic space, or within hepatic parenchyma. 


` Bile leaks were determined by HIDA scan and were in- 


cluded as complications when their presence necessitated 
drainage. Indications for drainage included persistent fe- 
ver, abdominal pain, and a well-defined collection seen 
on CT scan. All patients with liver complications under- 
went operation or had CT-guided percutaneous drainage. 


Statistical Analysis 


Discrete (categorical) variables were analyzed with the 
chi square test of homogeneity or Fisher’s Exact test and 
all continuous variables with either the analysis of variance 
or the Kruskel-Wallis test. Lengths of hospital stay for 
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patients in the three treatment arms were compared with 
rank tests for homogeneity among types of drain. Other 
tests for homogeneity over drain types were made for all 
confounding variables. Statistical significance was. con- 
sidered at p < 0.05. Because patient variables, indicators 
of severity of injury, and ‘hepatic injury grade could act 
as confounding variables, we controlled for these using 
multiple logistic regression analysis. For each risk factor, 
we compared risk ratios estimated in the presence of a 
potential confounder to that estimated in the absence of 
potential confounders. Because the presence of the type 
of drain or absence of a drain could act as multiple risk 
factors, we used multiple logistic regression to identify 
multiple potential risk factors. 


Results 


There were 482 patients with liver injuries managed 
during the 5-year period. Blunt trauma occurred in 168 
patients (35%) and penetrating trauma in 314 patients 
(65%). Motor vehicle accidents, pedestrians struck by 
moving vehicles, and falls or assaults occurred in 88%, 
6%, and 6%, respectively, of the blunt injury patients. Of 
the penetrating injury group, 60% were gunshot wounds, 
37% were stab wounds, and 3% were shotgun blasts. Sixty- 
four per cent of the blunt injury patients were male, com- 
pared to 87% of the penetrating injury patients. The av- 
erage age of the patients was 29 years (range, 11 to 79 
years). 


Liver Injury-associated Complications 


There were 34 patients who developed perihepatic ab- 
scesses following injury, an incidence of 7% of the total 
population. Forty-four per cent followed blunt injury and 
56% occurred after penetrating injury. Abscesses were 
confined to the right subphrenic (11) or subhepatic spaces 
(18) or were intrahepatic (5). All were considered direct 
complications of the liver injury, were confirmed by CT 
scan, and required either surgical (25) or CT-guided (9) 
drainage. There were three deaths from sepsis and mul- 
tiple-organ failure attributable to these abscesses. The fol- 


lowing isolates were obtained: Staphylococcus aureus (7), 


Staphylococcus epidermidis (5), Streptococcal species (7), 
Enterococcus (8), Escherichia coli (4), Enterobacter species 
(7), Pseudomonas aeruginosa (5), other gram-negative 
rods (5), gram-positive rods (5), Bacteroides species (7), 
and Candida albicans (5). Five collections had no growth. 

Figure 1 illustrates the results of the HIDA scans ob- 
tained in 228 patients. Sixty-three patients demonstrated 
a bile leak; 51 communicated with small cavities that re- 
solved spontaneously, and 12 (19%) communicated with 
a perihepatic abscess. One hundred sixty-five patients ex- 
hibited no bile leak on HIDA scan and 17 patients (10%) 
developed a perihepatic abscess. Although not statistically 
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Results of HIDA Scan 


228 Patients 


Bile Leak No Bile Leak 
63 165 


a JN i 
No O 
Abscess Abscess Abscess 
17 (10%) 148 


Abscess 


12 (19%) 51 


FIG. 1. Summary of HIDA scan results and correlation with perihepatic 
abscess formation. i 


significant (p < 0.08), these data suggest a correlation be- 
tween bile leak and perihepatic abscess. 


Hepatic Injury Grading 


The severity of liver injury was stratified by the hepatic 
injury grading system (Table 1). Fifty-five patients (11%) 
were grade I, 171 (35%) were grade H, 180 (37%) were 
grade II, 42 (9%) were grade IV, 28 (6%) were grade V, 


and six (1%) were grade VI. The mean transfusion re- 


quirements in units for the liver injury grades I to VI were 
1.9, 3.2, 4.4, 10.3, 12.6, and 32.7, respectively. Figure 2 
demonstrates the frequency distribution of the hepatic 
injury grades in the total population, and also illustrates 
the incidence of perihepatic abscess in each grade. There 
is a linear progression of transfusion requirements and 
abscess with increasing liver injury grades. 


Surgical Management 


Operative management was analyzed according to mi- 
nor and major liver injuries. Management of 338 minor 
injuries (70% of total) included cautery in 115, topical in 
165, or suture (superficial vessels) in 58. Major injury 
(30%) management involved omental packing in 87, re- 
sectional debridement in 20, suture (larger vessels within 
hepatic parenchyma) in 23, and gauze packing in 14. 
Mean transfusion requirements for minor injuries were 
3.1 units. Omental packs required 6.0 units, resectional 
debridement 12.1, major suture 13.6, and gauze packing 
22.6 units. Twenty-eight per cent of minor injuries were 
caused by blunt injury and 72% by penetrating. Fifty-one 
per cent of major injuries were blunt and 49% were pen- 
etrating. An overview of the outcome according to type 
of operative management is reported in Table 2. The in- 
cidences of both perihepatic abscess and bile leak were 
twice as high in those with major injuries compared to 
minor injuries. There were no liver-related deaths in those 
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Fic. 2. Distribution of hepatic injury grades and perihepatic abscess fre- 
quency by injury grade. 


with minor injuries, but major injury had a 10% mortality 
rate. Omental packing was the most common procedure 
used for major hepatic injuries (60%) and provided rela- 
tively low septic morbidity and mortality rates of 8% and 
7%, respectively. The use of gauze packing in the bleeding 
patient resulted in a 30% incidence of perihepatic abscess 
and a 29% mortality rate. 


Drainage Groups 


Excluding 10 early deaths, there were 472 patients 
evaluable for the outcome of liver drainage technique. 
They were randomized to 255 instances of no drainage, 
102 sump drainage, and 115 closed suction drainage. The 
relative increase in the no drain group is due to the fact 
that 20 patients with minor injuries (grades I and H) had 
protocol violations and were not drained. The frequency 
distribution of the drainage groups according to the grad- 
ing scale are illustrated in Figure 3. 

The drainage groups were evaluated for comparability 
according to age, Injury Severity Score (ISS) (blunt only), 
Atdominal Trauma Index (ATI), admission blood pres- 
sure, hepatic injury grade, mechanism of injury, presence 
of hollow viscus injury, and transfusion requirements. 


TABLE 2. Operative Management and Complications 


Number in Group with Complications (%) 


Method of Repair 
(N) Perihepatic Abscess* Liver-related Mortality 
Minor (338) 19 (5) 0 (0) 
Major (144) 15 (14) 11 (10) 
Omental pack (87) 7 (8) 6 (7) 
Gauze pack (14) 3 (30) 4 (29) 
Resection (20) 3 (15%) 1 (5) 
Suture (23) 3 (14) 3 (13) 


* Excluding early deaths. 
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FIG. 3. Distribution of drainage groups according to hepatic injury grade. 


There were no differences among the groups, with the 
exception of greater transfusions in the closed suction 
group (p < 0.03). 

The outcomes of drainage were measured by bile leaks 
on HIDA scan, development of perihepatic abscess, and 
length of hospitalization. Table 3 summarizes those re- 
sults. Sump drains were associated with a significantly 
greater number of bile leaks compared to either closed 
suction or no drainage (p < 0.01). Two patients had biliary 
cutaneous fistulae that eventually closed; initially one had 
sump drainage and the other received no drain. When 
evaluating the incidence of perihepatic abscess, sump 
drains again were found to have a significantly higher rate 
than closed suction (p < 0.03), and a twofold incidence 
compared to no drainage, although the latter was not sta- 
tistically significant (p < 0.1). Table 4 illustrates the ab- 
scesses in the drain groups according to the hepatic injury 
scale and mechanism of injury. Although the gastroin- 
testinal tract frequently is implicated as the source for 
bacterial colonization and subsequent infection after 
traumatic injury, microbiologic evaluation of the peri- 
hepatic abscesses revealed that 68% of the bacterial isolates 
associated with sump drainage had no hollow viscus injury 
(compared to 30% associated with no drainage (p < 0.005) 
and 0% with closed suction drainage (p < 0.001). 

The length of hospitalization also was significantly 
greater for sump drainage patients compared with the 


TABLE 3, Outcome Measurements and Drainage 


Perthepatic Length of 

Drainage Abscess* Bile Leakt Hospitalizationt 
Closed suction 3.5% 19% 13.5 days 
Sump 13.0% 41% 18.0 days 
No drain 6.7% 23% 13.5 days 


* p < 0.03 sump vs. closed suction. 
fp < 0.01 sump vs. closed suction or no drain. 
t p < 0.03 sump vs. closed suction or no drain. 
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TABLE 4. Occurence of Perihepatic Abscess According to Hepatic 
Injury Grade and Mechanism of Injury 


Mechanism of 


Injury 
Hepatic Injury Grade 
Blunt/ 
Drainage I H HI IV ¥ VI Penetrating 

Closed suction (4) 1 2 l 1/3 
Sump (13) I 2 6 3 ] 6/7 
No drain (17) 7 6 2 i I 8/9 
Total (34) Í 10 14 6 2 j 15/19 


other two groups (p < 0.03). Although this was accounted 
for partially by the increased hospitalization engendered 
by the complications in those patients, sump drainage 
also was associated with greater lengths of stay in patients 
without complications compared to the other groups (p 
< 0.01). This increased stay appears to be the result of 
extending the hospitalization to back out the drain grad- 
ually. 


Risk Factor Analysis 


This was undertaken to determine those clinical pa- 
rameters that were associated with the development of 
perihepatic abscesses. Univariate analysis was performed 
for the impact of age, ISS, ATI, mechanism of injury, 
admission blood pressure, liver injury grade, presence of 
hollow viscus injury, and transfusions. The results of that 
analysis are listed in Table 5. Those found to be significant 
included ATI, transfusions, and hollow viscus injury, in 
that order of significance. A multivariate analysis, in which 
method of drainage was also added, then was undertaken 
to evaluate independent significance of those risk factors. 
Increasing ATI and transfusions were found to be signif- 
icant factors. Similarly sump drainage was associated in- 
dependently with development of perihepatic abscesses. 
Closed suction drainage was a protective factor against 
abscess development. 


Deaths 


There were 27 deaths (5.6%). Thirteen of those were 
not liver related; in the remaining 14 deaths, the liver 
injury was a contributory factor. The mechanisms of in- 
jury in the deaths were blunt in 20 (74%) and penetrating 
in seven (26%). Thus the overall mortality rate for the 
entire population associated with penetrating wounds was 
2% compared to 12% for blunt injuries. Eight of the 13 
non-liver-related deaths were due primarily to closed head 
injury, 3 were due to sepsis and multiple-organ failure, 1 
was due to associated major vascular injury, and 1 was 
due to pulmonary thromboembolism. Of the 14 deaths 
directly related to liver injury, 5 had grade HI injuries, 4 
had grade IV, 3 had grade V, and 2 had grade VI. Six of 
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the liver-related deaths occurred within 2 days of admis- 
sion due to hemorrhagic shock and coagulopathy, 6 oc- 
curred with sepsis and multiple-organ failure, and 2 died 
with hepatic artery pseudoaneurysm and hemobilia. Three 
of the eight deaths from sepsis occurred in sump-drained 
injuries and the source of sepsis was the perihepatic ab- 
SCESS. 


Hemobilia 


Six patients developed hemobilia after liver injury, rep- 
resenting an incidence of 1.2%. All were associated with 
hepatic artery pseudoaneurysms occurring in branches of 
the main arteries. Presentation with upper gastrointestinal 
hemorrhage occurred | to 8 weeks after injury (average, 
3 weeks). Three hemorrhages resulted from penetrating 
injury and three from blunt. Five patients with large false 
aneurysm cavities were managed by formal hepatic re- 
section; one with a small pseudoaneurysm had radio- 
graphic embolization. One patient died in the operating 
room and one died in the immediate postoperative period. 
The patient who died in the operating room was septic 
from a large infected pseudoaneurysm; inability to control 
the porta hepatis due to severe inflammation resulted in 
exsanguination during resection. The other patient who 
died had massive upper gastrointestinal hemorrhage and 
also died primarily due to inability to control the porta 
hepatis. 


Discussion 


The morbidity and mortality rates associated with liver 
injuries vary significantly depending on the mechanism 
of injury. Recent reports of liver injuries demonstrate dis- 
parate mortality rates ranging from 1.2% to 31%.>?""! 
Those with low rates generally result from a preponder- 
ance of patients sustaining penetrating wounds (1.2% and 
10.5%).>* Higher mortality rates are reported when the 
experience is heavily weighted with blunt injury (29% and 
31%).!°'! Our institutional experience illustrated that 
point with a 2% mortality rate from penetrating wounds 
and a 12% rate from blunt trauma. Blunt injury accounted 
for 35% of the population, but 74% of the deaths. Death 
from penetrating wounds is generally in two phases: early 


TABLE 5. Univariate Analysis of Risk Factors for Perihepatic Abscess 


Perihepatic No Perihepatic 
Variable (mean) Abscess Abscess p Value 
ATI 22 15 0.002 
Transfusion (units) 8.2 4.8 0.05 
Hollow viscus injury 38% 20% 0.05 
Hepatic injury score 3.03 2.63 NS 
ISS (blunt) 35 32 NS 


ATI, Abdominal Trauma Index; ISS, Injury Severity Score; NS, not 
significant. 
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deaths from hemorrhage and hypovolemic shock from 
either the liver or associated major vascular injuries, and 
late deaths from sepsis and multiple-organ failure.*!? 
Death associated with blunt injury also occurs in early 
and late phases, but the causative factors differ from pen- 
etrating trauma. Although early deaths occur from hem- 
orrhage associated with major liver fracture, a substantial 
number of these multiply injured patients die from brain 
injury. The late phase of deaths from blunt injury similarly 
is twofold: closed head injury and sepsis with multiple- 
organ failure. One half of the deaths in this report were 
not liver related and one half were associated with the 
hepatic injury. While closed head injury was responsible 
for 60% of the non-liver-related deaths, equal numbers 
of liver injury-related deaths were due to hemorrhage and 
sepsis, regardless of mechanism of injury. Indeed efforts 
to reduce liver injury-related morbidity must be directed 
at expeditious hemostasis and to reducing infectious 
complications. 

In the course of the 20th century, much progress has 
been made in achieving hepatic injury hemostasis. How- 
ever the progress has not always been linear. Some lessons 
have been learned, set aside, and then reconsidered in 
light of changing circumstances. In the beginning of this 
century, innovative surgeons successfully applied various 
packing techniques for the control of traumatic liver 
bleeding.'?'4 Packing and mass suture techniques were 
applied widely through World War I and into World War 
Ul.'° Mortality rates for liver injuries were about 60% at 
that time.!© Assessment of the experience with liver in- 
juries sustained during World War II, in which a 28% 
liver injury mortality rate was noted, led Madding!’ to 
recommend avoidance of liver packing because of sec- 
ondary hemorrhage, sepsis, and hemobilia. At that time 
the general approach to packing was to place a long non- 
absorbable cloth pack into the area of injury and withdraw 
it through drain incisions without a second laparotomy. 

In the past decade, there has been a return to nonab- 
sorbable packing.!85- Although one of those reports again 
condemned the technique,'® others have been satisfied 
with the results in a select group of patients with severe 
injuries.” Generally it has been used in patients who 
have shattering liver injuries, when after major vessels 
have been ligated, continued diffuse bleeding occurs that 
is associated with hypothermia, acidosis, and concomitant 
coagulopathy. This is a small group, representing ap- 
proximately 2% to 4% in the reports. Mortality rates of 
10%, 17%,!° and 57%'8 have been observed, with re- 
spective intra-abdominal sepsis rates of 0%, 40%, and 83%. 
We have used gauze packing when omentum was either 
unavailable or ineffective. Gauze packing provided sat- 
isfactory results with a mortality rate of 29% and a peri- 
hepatic abscess rate of 30% in the series. The gauze packs 
are removed after correction of metabolic and hematologic 
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abnormalities, usually 24 hours after initial packing. Early 
removal of the foreign body is important in minimizing 
infection. 

Fortunately most liver injuries (70% to 90%) require 
minor therapy.” t? During the past 20 years, various ap- 
proaches have been advocated for the 10% to 30% of major 
injuries. Formal hepatic resection enjoyed brief support 
but has been fairly uniformly decried.” Hepatic artery 
ligation and atriocaval shunting were introduced with sig- 
nificant enthusiasm.**-*° However, over time, subsequent 
clinical investigations dampened enthusiasm for any wide- 
spread application.”!*’ Both techniques sometimes may 
be practical: hepatic ligation for inaccessible hepatic artery 
bleeding or extensive dissecting subcapsular hematomas 
with arteriolar bleed, or atriocaval shunting for true retro- 
hepatic vena cava injuries. 

We believe omental packing offers the most effective 
treatment for most major hepatic injuries. Stone and 
Lamb?! first described the technique and demonstrated 
excellent clinical results. The requirement for expedient 
control of liver bleeding is satisfied by this technically 
simple approach. It is, in essence, a rediscovery of the 
principles of tamponade introduced by Pringle"? and 
Schroeder! in the early 1900s. However omentum offers 
the distinct advantages of being autogenous and viable, 
and thus does not require removal and minimizes sepsis. 
The technique is most helpful for grades III to V injuries 
with stellate fractures and deep cracks, and most are due 
to blunt injury, which generally results in hepatic venous 
bleeding rather than arterial bleeding.” Tamponade is 
well effected by omentum in the low-pressure venous sys- 
tem. Omental packing was applied in 60% of our major 
injuries, yielding a mortality rate of 7% and an abscess 
rate of 8%. 

With many techniques available for major liver injury 
management, it is obvious that the surgeon must tailor 
the surgical approach to the individual injury. A famil- 
larity with the indications, limitations, and applications 
of the various approaches should be developed. Newer 
approaches are being investigated that eventually will 
modify current approaches. Fibrin glue, laparoscopy, and 
liver transplantation all have been reported.’ 

After hemorrhage sepsis remains the major factor for 
liver-related morbidity. Eliminating the early deaths in 
this series yielded a perihepatic abscess rate of 7.2%. Intra- 
abdominal abscesses have been noted to account for 25% 
of late deaths? and were responsible for 27% of the deaths 
in this report. Several factors have been reported to be 
associated with sepsis. Shock has been noted to produce 
a threefold increase in abdominal abscess after liver in- 
jury.! This was not observed in the present study. However 
increasing transfusion requirements were observed to be 
the most significant factor associated with perihepatic ab- 
scess in this multivariate analysis. Scott et al.’ also per- 


546 


formed a multivariate analysis for risk of intra-abdominal 
sepsis following hepatic trauma and similarly found 
transfusions to be a highly significant (p < 0.0001) risk 
factor. While Noyes et al.’ noted the aforementioned 
threefold increase with shock, they noted a 10-fold in- 
creased risk when more than six units of blood were 
transfused. Transfusion requirements correlate primarily 
because they are a more sensitive indicator of significant 
hypovolemic shock than are isolated measures of blood 
pressure. In addition hemoglobin has been experimentally 
demonstrated to be a potent adjuvant factor for the pro- 
duction of infection.” Impairment of cell-mediated im- 
munity and stimulation of suppression T cells also have 
been correlated with blood transfusion.***? 

Blunt injury produces more deaths than penetrating 
injury in essentially all series. This is mostly influenced 
by the greater magnitude of associated injury. Our results 
also noted significantly higher blunt mortality but the in- 
cidence of perihepatic sepsis was only slightly greater for 
blunt patients (9% compared to 6%). Mechanism of injury 
was not found to be a risk for sepsis in either this multi- 
variate analysis or in that of Scott et al.’ Similarly ISS 
(applied only for blunt injuries) was not associated with 
increased septic complications. Bacterial contamination 


from gastrointestinal injury might be assumed to be sig- . 


nificantly associated with abscess following liver injury. 
This has not been observed. Although hollow viscus injury 
was significant in our univariate analysis, no significance 
was found with multivariate analysis. 

Severity, frequency, and type of associated injuries, as 
well as severity of the liver injury itself, have been studied 
with respect to hepatic sepsis. Three or more associated 
abdominal organ injuries have been associated with a 
threefold increase of intra-abdominal abscess.! Although 
we could not correlate ISS, a measure of total body injury, 
with perihepatic abscess, evaluation of only associated 
abdominal injuries by the ATI demonstrated independent 
significance with multivariate analysis. The severity of 
liver injury has been demonstrated by Flint et al.* to cor- 
relate with an increasing rate of sepsis. This also was noted 
in this report when correlating the frequency of perihepatic 
abscess with hepatic injury grade (Fig. 2). However sta- 
' tistical significance was not obtained, probably due to rel- 
atively small numbers with the advanced injuries. 

There were three variables noted to be independently 
associated with perihepatic sepsis: ATI, transfusion re- 
quirements, and sump drainage. The surgeon has no con- 
trol over the severity of associated abdominal injuries, 
but very importantly, has considerable control over the 
other two variables. Prompt, expeditious, and appropriate 
operative management of liver injuries will reduce peri- 
operative blood loss with a diminution in transfusion re- 
quirements and a consonant reduction in abscess for- 
mation. That area of clinical management of liver injuries 
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remains a major challenge to the surgeon, but eliminating 
sump drainage as a variable presents no challenge. 

The rationale for drainage of liver injuries is to evacuate 
blood and bile that may accumulate in the right upper 
quadrant. The reports by Madding!” of the World War II 
experience securely entrenched the use of wide drainage 
to prevent perihepatic collections and infections. It has 
been noted that those conclusions were not supported by 
the available data.’ A decade after World War II, both 
Sparkman*® and Mikeskey*’ noted a lower incidence-of 
peritoneal sepsis in undrained patients, although the un- 
drained patients generally were less severely injured. Fisher 
et al.’ in 1977 reported on 254 patients, 27 of whom had 
peritoneal drainage. Intra-abdominal sepsis occurred in 
4.8% of the undrained and 7.4% of the drained patients. 
They threw down the gauntlet, proclaiming that ‘perito- 
neal drainage is not indicated for capsular tears or for 
minor or major liver lacerations, and that the value of 
peritoneal drainage in the prevention of intra-abdominal 
sepsis following bursting liver injuries remains unsub- 
stantiated.’’ Although retrospective and nonrandomized, 
the results of that report are impressive. 

Mullins et al.° reported the first prospective randomized 
trial of drainage in liver trauma. After excluding six pa- 
tients who were noted to have small bile leaks at the time 
of surgery, 161 patients were randomized to Penrose drain 
(versus no drain). An 8% liver-related complication rate 
resulted that was the same for both groups. The results 
again were impressive, but 96% of the patients sustained 
penetrating wounds and severity of injury was not strat- 
ified. In a small prospective study of 56 patients, Gillmore 
et al.® prospectively randomized patients to no drain (ver- 
sus to closed suction). They noted 4.2% and 3.1% intra- 
abdominal abscess rates, respectively, for closed suction 
and no drain. They concluded that open drainage should 
not be used. There has been a growing consensus that 
drainage is not necessary for mild injuries (grades I and 
II). However a recent multicenter study reported that 
94% of 210 complex liver injuries were drained routinely. 
It was recently stated, ‘Use of a closed system in the most 
severe injuries is still controversial and needs to be ad- 
dressed in a prospective trial.’ 

The present drainage study was initiated to address the 
place for both sump and closed suction drainage. Sump 
drainage had not been prospectively evaluated, but we 
believe it is commonly applied across the country. Sump 
drainage produced significantly greater sepsis rates than 
the other methods and 3 of 13 failures resulted in death. 
The data appears clear: sump drainage is hazardous and 
should be abandoned. The probable reason for failure of 
sump drainage is bacterial colonization of the area. This 
observation of colonization mirrors our results with the 
failure of sump drainage for pancreatic injuries.” It might 
be criticized that the sump drains were poorly handled 
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and the technique of withdrawal precipitated failures. 
There are undoubtedly many approaches used in care and 
removal of sump drains, but we doubt that they alter col- 
onization significantly. The HIDA scans were performed 
in this study specifically to follow bile leaks in the three 
groups. The leak rate was significantly higher with sump 
drainage. The reasons are not clear to us. Perhaps in some 
way colonization promotes bile leak. Although abscesses 
were found to occur more frequently when a leak was 
demonstrated, 80% of the leaks were inconsequential. 
These results with HIDA scan are very similar to those 
reported by Gartman et al.” in a group of 26 patients 
following complex liver trauma. HIDA scanning should 
not be used routinely following injury, but sometimes may 
be beneficial in workup of the patient with liver injury 
with right upper quadrant pain in the postoperative period. 
However CT scans generally offer more pertinent infor- 
mation. 

Is there any difference between closed suction and no 
drainage regardless of liver injury severity? Our data dem- 
onstrated a slightly higher incidence of perihepatic abscess 
with no drainage: 6.7% compared to 3.5%. This was not 
significant. A power analysis was done and with an a 
= 0.05 and 1-8 = 0.8, we would require 650 patients in 
each group to demonstrate significance if the current rates 
continued. With our present patient volume, 12 years 
would be required to obtain such data. Perhaps a well- 
contrelled multi-institutional trial is warranted. Until 
further data are available, closed suction drainage is ap- 
propriate. 
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DISCUSSIONS 


DR. HARLAN STONE (Cleveland, Ohio): I highly recommend to the 
membership the practical algorithm for management of liver injuries as 
given in this paper. It is easily applied and it has a proved, excellent track 
record. However the major issue to me in this presentation was drainage 
of the liver wound—how and when it is done. 

Clearly with minor injuries with no obvious bowel leak, it is not nec- 
essary. But the identification of those is indeed required. 

We all recognize that the drain is a foreign body and it prevents healing 
along a prescribed route. Our goal is that all undesirable matter should 
have a speedy and direct exit. Such flow to the outside depends on the 
viscosity of the fluid, the amount of particulate matter within, and the 
differentials in pressure between the intra-abdominal space and the out- 
side. 

The Penrose drain has failed, primarily because it merely effects an 
escape of overflow, and it is very subject to contamination. Accordingly 
we rely on some form of suction or dependency. I do not believe God 
had the surgeon in mind when He created the abdomen, because we 
operate from the front, but for dependency we would need a posterior 
route. Therefore we rely on the sump. 

The sump creates a sufficient difference in pressure to guarantee a 
reliable flow. But it is at a price, and the price is the influx of air from 
without. And in that air are, presumably, hospital pathogens. 

Thus we must choose some form of closed-suction drainage such as 
Dr. Fabian described. It establishes a relatively efficient evacuation system 
in concert, though, with the absence of intake of unwanted pathogens 
from the immediate hospital environment. 

I would refer you to page 15 of his manuscript, where it states, ‘Al- 
though the gastrointestinal tract is frequently implicated as the source 
for bacterial colonization and subsequent infection following traumatic 
injury, evaluation of the perihepatic abscesses reveal that 68% with sump 
drainage had no hollow viscous injury, as compared to 0% for those with 
closed suction drainage.” This yields a probability value of 0.001. 

So clearly closed suction drainage is the system of choice. But as you 
note, Tim, and you do so nicely, we must all remember that the drain 
truly can be a two-edged sword. There is no micro traffic cop along the 
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drain tract that keeps everything evil out. We must realize, then, that 
no matter how perfect the drainage system is, it still can lead to an 
unwanted result. 


Dr. TIMOTHY FABIAN (Closing discussion): To put it into perspective 
relative to other work on drainage in the past, after World War II, it was 
accepted, based on Madding’s report, that wide drainage was certainly 
preferred. And this, again, was adopted simular to the reason that colon 
injury management was adopted as previously discussed this morning. 

However there was an interesting paper that came out of St. Paul 
Ramsey by Drs. Fischer and Perry in 1978, in which 90% of their patients 
had no drainage. They threw down the gauntlet at that time, saying that 
“You can’t improve on our results.” The results are impressive, and | 
would recommend that the audience look at that manuscript. 

However the first prospective trial of drainage was done again by Dr. 
Stone, who has done so many of the first prospective trials in surgery. 
He looked at Penrose versus no drainage and found, again, that Penrose 
drains were bad. 

The next prospective trial was done by the Tulane service at Charity 
Hospital and found that closed suction was, indeed, preferable to no 
drainage: But, like ours, there were no statistically significant differences. 

The practitioner must ask himself if the infection rate, although low 
with this series, is significant? I think you could take our data and justify 
no drainage with all injuries, actually. It’s 3.5% compared to 6.7%, twice 
as many patients but actually only 3% more. We did a power analysis 
to evaluate how many cases it would take to prove that there was a 
difference, assuming these trends continued with a power of 0.8 and 
confidence levels of 95%, it would have taken 650 patients in each group, 
which would take us 12 years to do. And, although it was interesting to 
me, it’s not that interesting. 

So, again, we are basing our present management on the fact that 
there were lower abscess rates with closed suction drainage and on the 
fact that there really are no side effects or complications associated with 
the soft rubber drain and would recommend it for your consideration 
in the future. 
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Cell depolarization in hemorrhagic shock has been attributed to 
hypoperfusion, but the mechanism remains unclear. Suspensions 
of single cell lines loaded with the potential-sensitive fluorescent 
dye bis-(1,3-dibutylbarbiturioc acid) trimethine oxonal (DIBAC) 
and exposed for 30 minutes to rat plasma drawn either before 
or after hemorrhagic shock (bled 20 mL/kg: mean arterial blood 
pressure less than 40 mmHg) were studied. Plasma drawn after, 
but not before, hemorrhage led to partial depolarization regard- 
less of cell type (rat H9C2 skeletal muscle, A-10 smooth muscle, 
C-9 liver, adrenal, kidney, red blood cell [RBC], white blood cell 
[WBC]: or species (cat, dog, pig RBC; cat WBC; mouse C2C12 
skeletal muscle; and human intestinal smooth muscle [HISM)). 
Dialysis did not remove the factor(s), suggesting a molecular 
weight of more than 10,000 daltons. The factor appeared within 
5 minutes of shock. The depolarization amplitude increased as 
a function of plasma concentration and demonstrated saturation 
kinetics indicating specific receptor binding. Cells were equiva- 
lently oxygenated, excluding hypoperfusion as a necessary con- 
dition for depolarization. Tumor necrosis factor or platelet ac- 
tivating factor alone or in combination were not effective in this 
system. Stable measurements can be obtained with this nonin- 
vasive system that avoids cell injury consequent to cell impale- 
ment with electrodes. This system provides a sensitive in vitro 
bioassay that should permit identification of the plasma factors 
mediating cell depolarization, as well as definition of the re- 
sponsible intracellular mechanisms. 


septic shock is characterized by cell membrane 

depolarization, that is, a decrease in the absolute 
value of the transmembrane potential. It has been sug- 
gested that the membrane depolarization results from 
hypoxia, which results, in turn, from hypoperfusion of 
tissue.' Several authors noted the presence of toxic factors 
that appear after hemorrhage, f but none have been 
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identified. Studies that applied tourniquet isolation’ or 
cross-perfusion® suggested the presence of circulating fac- 
tors mediating depolarization of muscle cells in vive. The 
use of microelectrodes for recording membrane potential 
in these and related studies”? has been criticized because 
of artifacts that may result from puncture of cells. 

In the present report we developed a bioassay for a 
presumptive circulating factor(s) based on the sensitivity 
of the fluorescence of the membrane dye bis-(1,3-dibu- 
tylbarbiturio acid) trimethine oxonal (DIBAC, Molecular 


‘Probes, Eugene, OR) to changes in the resting membrane 


potential and the ability to manipulate such changes by 
exposure of cells to plasma obtained from rats in shock. 
This measurement of changes in fluorescence of a mem- 
brane-bound dye avoids the problems associated with di- 
rect puncture of cells. We used this method to demonstrate 
the presence of a high—molecular-weight substance(s) that 
appears in plasma rapidly after hemorrhage and that de- 
polarizes cells derived from many tissues and species, in- 
cluding humans. 


Methods 
Tissues and Cells 


Red blood cells (RBC) were prepared from whole blood 
by low-speed centrifugation. The RBCs were washed free 
of residual plasma by centrifugation and 50 uL packed 
RBCs were resuspended in 5 mL RBC washing solution 
consisting of 150 mmol/L (millimolar) NaCl; | mmol/L 
MegCl2; 10 mmol/L TRIS-HCI, pH 7.4; 0.1 mmol/L eth- 
ylene glycol-bis (8-aminoethyl ether) N,N,N’,N’-tetraacetic 
acid (EGTA); and 14 mmol/L glucose.’ White blood cells 
(WBC) were prepared by differential centrifugation of the 
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‘buffy coat’ from RBC preparations. For some experi- 
ments WBCs were purified further by centrifugation 
through Lymphocyte Separation Medium (Organon 
Teknika, Durham, NC). Defined cell lines derived from 
tissue culture were obtained from American Type Culture 
Collection (Rockville, MD) and were maintained in cul- 
ture. Rat kidney and adrenal tissue were harvested 2 hours 
after hemorrhage (described below) or from nonhemor- 
rhaged controls. The tissue was dissociated with collage- 
nase and the epithelial cells were harvested and cultured 
according to the method of Engeland et al.!° Dog adipose 
tissue was dissociated with collagenase and the adipocytes 
were cultured under the same conditions used for the kid- 
ney and adrenal tissues. 


Preparation of Rats and Plasma 


Male Sprague-Dawley rats, weighing 300 to 400 g, were 
anesthetized with pentobarbital-sodium (50 mg/kg, ad- 
ministered intraperitoneally) and femoral venous and ar- 
terial cannulae (PE-50, Dural Plastics, Dural, NSW, Aus- 
tralia) were placed using sterile procedures previously de- 
scribed.! !? Cannulae were tunneled under the skin of the 
back and brought out through a flexible stainless steel 
spring attached to the back of the neck. The free end of 
the spring was attached to the top of the cage and was 
allowed to rotate freely. Incisions were filled with xylocaine 
jelly and Bacitracin (Medalist, San Francisco, CA) to de- 
sensitize the surgical area and prevent infection, respec- 
tively. All rats recovered and were caged singly in a con- 
trolled temperature environment. The light cycle was 12 
hours of light and 12 hours of dark. All rats had access 
to food and water ad libitum. Cannulae were flushed daily 
1 to 3 hours after the beginning of the photoperiod. Hem- 
orrhage was induced (20 mL/kg for 4 minutes) from the 
arterial cannula in the morning, | or 2 hours after lights 
were turned on. Blood samples (0.5 to 1.0 mL) were drawn 
over heparin at times 0, 2, 3, 10, 20, 30, 60, 120 minutes 
after hemorrhage. In some experiments, blood samples 
were also taken at 15, 30, 60, 90, 150, and 210 seconds. 
Blood samples taken between 0 and 4 minutes were de- 
rived from the hemorrhage volume. Blood samples were 
centrifuged and the plasma was removed and put on ice. 
Rats were killed after 2 hours by overdose of pentobarbital 
(100 mg/kg). Plasma was assayed on the day of collection. 
These experimental protocols were approved by the 
Committee on Animal Care and Use at the University of 
Maryland, Baltimore, MD. 


Fluorescence Assay of Membrane Potential 


Bis- (1,3-dibutylbarbituric acid) trimethine oxonol is a 
member of the oxonol class of membrane dyes in which 
a negative charge is delocalized over a generally planer 
molecule. Oxonol dyes behave much like tetraphenyl bo- 
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ron and triphenylmethyl phosphonium ions and partition 
into hydrophobic regions of membranes with consequent 


fluorescence enhancement.’ This tendency to partition 


from the extracellular medium into the membrane is 
countered by the magnitude of the negative interior of © 
the cells, thus providing a means to measure the relative 
cell polarity. 

Except as noted, RBCs and WBCs were incubated and 
observed in Na/K buffer consisting of 125 mmol/L NaCl; 
5 KCl; 23 mmol/L NaHCO3; 0.8 mmol/L MgCl2, 1.8 
mmol/L CaCl2; and 20 mmol/L HEPES, pH 7.4. Red 
blood cells (50 uL) were mixed with 50 uL plasma or 
buffer and 100 uL buffer containing 300 nmol/l (nano- 
molar) DIBAC and incubated for 30 minutes at room 
temperature. Red blood cells were washed free of plasma 
by addition of 1.5 mL buffer containing 150 nmol/L DI- 
BAC and pelleted in an Eppendorf centrifuge. The cells 
were resuspended in 3.0 mL buffer with 150 nmol/L DI- 
BAC and the fluorescence was measured in counts per 
second(cps) using a Spex Industries (Edison, NJ) ARCM 
Cation Measurement spectrofluorometer. Specimens were 
excited by a 150-watt xenon lamp filtered to a 10-nm 
band width about 490 nm by a Corion P10-490-F-F519 
filter; emission was observed through a 10-nm band width 
about 510 nm via a P10-510-F-P558 filter (Corion Corp., 
Holliston, MA). Other cell types were counted with trypan 
blue and suspended in RBC washing solution such that 
50 uL contained approximately 500,000 cells. The re- 
mainder of the procedure was similar to that for RBCs, 
except for a lower 2-force centrifugation (half speed IEC 
model UV centrifuge) was used to wash cells free of 
plasma. For some experiments cells were washed by lay- 
ering over 2 mL of 10% Hypaque (Winthrop Labs, New 
York, NY) in Na/K buffer containing 150 nmol/L DIBAC 
and centrifuging at low speed. We observed approximately 
a 1% increase in the fluorescence amplitude per millivolt 
depolarization, which is consistent with published obser- 
vations. '* — 


Reagents 


Platelet activating factor (PAF) was obtained from Cal- 
biochem (La Jolla, CA). Human tumor necrosis fac- 
tor(alpha) (TNF) and endothelins 1, 2, and 3 were ob- 
tained from Bachem (Torrance, CA). High-performance 
liquid chromatography (HPLC) grade water from a RGW- 
5 system (Photronix Corp., Medway, MA) was used in all 
solutions. All other reagent. and chemicals were obtained 
from Sigma Chemical Co. (St. Louis, MO). 


Results 


Shires and associates! previously showed that hemor- 
rhage leads to a depolarization of muscle cells in vivo as 
measured by microelectrodes. To determine if hemor- 
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rhage will depolarize cultured cells in an in vitro system 
using the fluorescent dye, DIBAC, we challenged renal 
epithelial cells (derived from renal tissue that was removed 
2 hours after hemorrhage) with plasma taken before and 
2 hours after hemorrhage (control and shock plasma). In 
a single experiment, we found that the fluorescence in- 
tensities were 21,500 and 57,100 cps for control and shock 
plasma, respectively. The ratio of intensities was 2.65. We 
also found that the renal epithelial cells derived from 
nonhemorrhaged rats also responded to control and shock 
plasma (12,500 and 57,100 cps, respectively, for a single 
experiment; the ratio of intensities was 3.40), thereby 
demonstrating that the tissue need not be exposed to shock 
before harvesting to show depolarization when incubated 
with shock plasma. 

To determine if the difference in fluorescence intensity 
between cells exposed to control and shock plasma results 
from a differential retention of plasma protein, renal ep- 
ithelial cells were incubated with plasma, washed, and 
resuspended in fresh buffer. Under these conditions, we 
found that the fluorescence intensity from cells exposed 
to control plasma or shock plasma was 93,900 and 
145,300 cps, respectively (in a single experiment), sug- 
gesting that the difference in intensity does not result from 
retention of plasma. However, because the intensity ratio 
(1.55) was found to be smaller than those in the two pre- 
vious experiments, these results also suggest that plasma 
proteins artifactually enhance fluorescence if not removed 
by washing. Because of these findings, all subsequent ex- 
periments were performed after washing cells free of any 
residual plasma. Cells not derived from cultured cell lines 
were obtained from control (nonhemorrhaged) rats. 


Species and Cell Type Specificity and Ionic Composition 
of Buffer 


Plasma taken 1 hour after hemorrhage depolarized 
RBCs from rat, cat, dog, and pig (Table 1) smooth and 
skeletal muscle, liver, kidney, and adrenal from rat; dog 
adipocytes; mouse skeletal; and human intestinal smooth 
muscle (Table 2). We also found that dog and pig RBCs 


TABLE 1. Red Blood Cell Response to Shock Plasma 


Species Ratio 
Rat 1.20 
Cat 1.24 
Dog 1.68 
Dog 1.03(*) 
Pig 1.80 
Pig 1.08(*) 


Incubation and observation was in sodium buffer (mmol/L [milli- 
molar]): 125 NaCl; 23 NaHCO3; 0.8 MgCl2; 1.8 CaCl2; 1 NaH2P04; 
20 HEPES pH 7.4), except as noted (*), which was in potassium buffer, 
in which KCI was substituted for NaCl. Ratio is fluorescence intensity 
after exposure to shock plasma divided by that after control plasma. 


IN VITRO DEPOLARIZATION BY SHOCK FACTOR 


551 

TABLE 2. Response to Shock Plasma 

Cell Type Ratio 
Rat adrenal 1.11 
R. a7r5 smooth 1.40 
R. C-9 liver 1.15 
R. H9C2 skeletal 1.30 
R. A-10 aortic 1.40 
R. WBC 1.52 
Mouse C2C12 skeletal 1.17 
HISM 1.12 
Cat WBC 1.19(*) 
Dog adipocyte 1.46 


Conditions were as given in Methods using Na/K buffer, except (*) 
used sodium buffer as in Table 1. 
WBC, white blood cell; HISM, human intestinal smooth muscle. 


depolarized to shock plasma only when washed and in- 
cubated in a high Na* buffer (Table 1). Substitution of 
K* for Na* prevented depolarization (Table 1), suggesting 
that Na* ions are essential. Depolarization occurred when 
the hydrogen ion concentration of the buffer was adjusted 
to pH 7.4, suggesting that acidosis is not necessary for 
depolarization by shock plasma. 


Time Course of Appearance of the Factors) 


Plasma taken at various times after 20 mL/kg (for 4 
minutes) hemorrhage causes depolarization of rat RBCs 
and rat a7r5 smooth muscle cells that reaches a maximum 
at approximately 20 minutes followed by a gradual decline 
(Fig. 1). The ordinate is expressed as the percentage change 
in fluorescence intensity because this parameter is linear 
with change in resting membrane potential.'4 The re- 
sponse determined with a7r5 smooth muscle cells is sim- 
ilar to the response of RBCs. However the effect persists 
longer than it does in RBCs. 


Dose Response 


The fluorescence amplitude caused by depolarization 
of rat RBCs increases with plasma concentration and then 
saturates, indicating an equilibrium binding process (Fig. 
2). Equilibrium kinetics suggest a receptor-mediated pro- 
cess. 


Cytokines 


Because of reports that TNFa depolarizes skeletal 
muscle in vitro,'> and that PAF causes membrane depo- 
larization in vivo,'® we tested these factors in our assay. 
Whereas plasma from hemorrhaged rats depolarized rat 
WBCs, neither 0.07 wmol/L (micromolar) TNFa, 7 zmo!l/ 
L PAF-18, or a mixture of 0.05 pmol/L TNFa plus 5 
nmol/L PAF-18 depolarized rat WBCs (Fig. 3). These 
same substances as well as heparin (tested because it was 
used in the collection of whole blood) did not depolarize 
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Fic. 1A and B. Appearance of factor in rat plasma using rat red blood 
cells (A) and the cultured cell line, a7r5 (B). At the indicated times, 0.5 
mL of blood was drawn from cannulated rats and plasma was prepared 
as given in Methods. Red blood cells were diluted such that in the absence 
of plasma, when ultimately diluted to 3.0 mL for fluorometric deter- 
mination, 50 uL would yield a fluorescence intensity of 25,000 to 35,000 
cps or about 10%-15% of the maximum experimentally observed fluo- 
rescence amplitude. The remainder of the procedure is given in Methods. 
The ordinate is expressed as a percentage change relative to the intensity 
produced by incubation with plasma drawn in the first 0.5 mL of blood. 
Symbols indicate means and standard errors (n = 13). 


rat RBCs (Table 3). To eliminate the possibility that some 
plasma factor might be required for TNFa activity to be- 
come manifest, we incubated rat A-10 smooth muscle 
cells with control plasma and concentrations of TNFa 
ranging from 50 ng to 50 pg/mL’? without observing de- 
polarization (Fig. 4). Finally, to identify any contribution 
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Fic. 2. Titration of RBCs with rat plasma Rat. Red blood cells (50 uD), 
the indicated volumes of plasma (drawn 60 minutes after hemorrhage), 
and buffer sufficient to bring the total to 400 uL were mixed and incubated 
for 15 minutes, then were washed as given in Methods. Symbols are 
averages of four determinations. 


of TNFe to cellular depolarization, we incubated shock 
plasma with monoclonal anti- TNFa antibody (provided 
by Dr. Kevin J. Tracey, Cornell University Medical Col- 
lege) sufficient to yield a 100-fold molar excess, assuming 
a plasma concentration of 50 ng/mL TNFa. We observed 
no blockade of depolarization (Fig. 5). The report that 
TNFa depolarized excised rat muscle in vitro"? suggested 
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Fic. 3. Effect of TNF and PAF on rat WBCs. Rat WBCs were incubated 
as given in Methods and separate cuvettes were observed for 100 seconds 


` starting at the indicated times. 0 Sec: Na/K buffer; 100 Sec: control 


plasma; 200 Sec: shock plasma; 300 Sec: 0.07 «mol/L human TNFa; 
400 Sec: 7 pmol/L. PAF; 500 Sec: 0.07 pmol/L TNF -+ 7 pmol/L PAF. 


Vol. 213 » No. 6 


TABLE 3. Effect of TNF and Heparin on Dog RBCS 


Incubation Intensity Intensity 
Buffer 30,700 25,700 
TNF 26,400 25,000 
Heparin 29,300 25,000 


Tumor necrosis factor (TNF) 5000 units (0.035 mol/L [micromolar]); 
heparin 40 units (200 units/mL). 


the possibility that TNFa might stimulate the release of 
endothelin from the blood vessels contained within the 
preparation. Therefore we tested endothelins 1, 2, and 3. 
None of the endothelins (0.1 uwmol/L) depolarized rat 
RBCs (Table 4); however they had varying effects on the 
smooth muscle lines. Endothelin 3 but not 1 or 2 depo- 
larized human intestinal smooth muscle (HISM), whereas 
endothelins 1 and 2 but not 3 depolarized rat A-10 aortic 
smooth muscle (Table 4). 


Discussion 


_ Shires and associates’ identified depolarization of cel- 
lular membranes as the primary initial change in hem- 
orrhagic shock. This inference was made from analysis of 
intracellular microelectrode measurements in vivo that 
show that the resting membrane electrical potential of 
skeletal muscle increases from —90 mV in normal tissues 
to —70 mV in tissues in shocked animals. This defect was 
confirmed by tissue analysis, which demonstrated in- 
creased intracellular water content, sodium and chloride 
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Fic. 4. Titration of A-10 cells with TNFa/control plasma. Rat aortic 
smooth muscle A-10 cells were incubated with control plasma and the 
indicated concentrations of TNF-a, washed, and fluorescence measured. 
Reaction mixtures were observed in separate cuvettes starting at the 
indicated times. All incubations with TNFa contained the same con- 
centration of control plasma as did the sample assayed at 50 Sec. 0 Sec: 
buffer; 50 Sec: control plasma; 100 Sec: shock plasma; 150 Sec: 50 ng/ 
mL; 200 Sec: 10 ng/mL; 250 Sec: 5 ng/ml; 300 Sec: 1 ng/mL; 350 Sec: 
500 pg/mL; 400 Sec: 100 pg/mL; 450 Sec: 50 pg/mL; 500 Sec: 10 pg/ 
mL. 
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FIG. 5. Effect of anti-TNF-a@ antibodies on shock plasma. Monoclonal 
antibodies against TNFa was diluted in Na/K buffer such that 50 uL of 
the dilution would contain a 100-fold molar excess of antibody over 
TNF-a, assuming a plasma TNFe concentration of 50 ng/mL. Plasma 
was incubated with either antibody or an equivalent volume of buffer 
before incubation with H9C2 skeletal muscle cells. 0 Sec: buffer; 50 Sec: 
control plasma; 100 Sec: shock plasma; 150 Sec: shock plasma 
+ anti-TNF-« antibody. 


concentrations, as well as decreased intracellular potas- 
sium concentration.!™!? Trunkey et al.® used microelec- 
trodes to measure a 20-mV increase in the resting potential 
of skeletal muscle of a cross-perfused baboon, again sug- 
gesting a circulating factor. However this observation was 
not pursued further. Similar alterations in membrane 
functioning of RBCs were shown to accompany septic 
shock,” an observation that Gann”! interpreted to imply 
the existence of a circulating factor responsible for the 
defect. The altered intracellular concentration of these 
ions suffices to account for the altered resting membrane 
potential as calculated by the Nernst equation.” Use of 
microelectrodes has been criticized because of several po- 
tential artifacts, including direct cellular injury resulting 
from puncture, unstable recording, leakage of 1ons around 
electrode, and leaching of ions from electrode.'*?? 

We desired an in vitro assay that would be sensitive to 
the presence of the presumptive depolarizing shock factor 
yet would not be subject to the same set of artifacts. Cer- 
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TABLE 4. Effect of Endothelin 


Incubation with Control 


Plasma 
Intensity, Intensity, 

A. Incubation Rat RBC HISM 
Na/K buffer 41,000 61,400 
Control plasma 120,000 87,100 
Shock (1 hr) 132,900 100,000 
CP + Endo 1 104,300 90,000 
CP + Endo 2 102,900 88,600 
CP + Endo 3 102,900 105,700 

A-10 Smooth Muscle 
B. Endothelin Intensity(a) Intensity(b) Intensity(c) 
Buffer 103,100 75,000 72,900 
Endo 1 126,500 87,100 85,700 
Endo 2 126,500 85,700 88,600 
Endo 3 103,800 66,400 75,000 


A: 0.1 pmol/L Endothelin (Endo) 1, 2 and 3. Control plasma (CP). 
B: Endothelin concentrations: (a), 1.0 pmol/L; (b): 0.1 zmol/L; (c): 0.01 
pmol/L. 


tain voltage-sensitive membrane dyes alter their absor- 
bance or fluorescence linearly with changes in resting po- 
tential. 1474 Fluorescence measurement of steady-state 
membrane potentials has been shown to be a sensitive 
and reproducible technique'*”° that is not subject to the 
same artifacts that might limit the use of impaling micro- 
electrodes. We chose to base our assays on the use of 
negatively charged oxonol dyes that tend to be excluded 
from the cell interior, which is itself negatively charged, 
rather than on positively charged dyes that tend to ac- 
cumulate in the cells. Dyes that accumulate in the cell 
have greater toxic potential. In addition the more nega- 
tively charged subcellular membranous compartments 
tend to accumulate positive dyes differentially, compli- 
cating experimental interpretation.” To elucidate the 
biochemical mechanisms responsible for these physiologic 
phenomena, we developed an in vitro assay using cell- 
free plasma derived from hemorrhaged rats. We also re- 
quired an assay with a high system throughout necessary 
for the many samples generated by biochemical kinetic 
and chromatographic procedures. However an in vitro 
assay would be useful only if there 1s a circulating factor 
that induces depolarization. 

The lack of anatomic compartmentation and the met- 
abolic simplicity of mammalian RBCs led many to ques- 
tion their usefulness as an experimental model of the 
physiology of more complex cells. However most of our 
knowledge of transmembrane electrolyte transport and 
consequent electric potential has been derived from work 
with RBCs.” In addition many benefits derive from the 
availability of RBCs in large numbers. Shires and 
collaborators*? demonstrated a defect in sodium metab- 
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olism in RBCs in sepsis and in trauma patients”? and in 
in vivo animal models.*!?*° This suggests that a common 
mechanism may underlie this phenomenon. In this report 
we show that in vitro fluorescence measurements may 
permit elucidation of the biochemical mechanisms me- 
diating this defect. 

We found that plasma obtained from rats after hem- 
orrhage induced depolarization in various cell types rel- 
ative to plasma obtained from rats not subject to hem- 
orrhage. As noted above, similar depolarization was found 
in kidney cells regardless of whether they had undergone 
hemorrhagic shock. Thus conditioning of the cells during 
hemorrhage is not required. 

To eliminate the possibility that the increased fluores- 
cence resulted from the binding of dye to plasma proteins, 
we washed the cells after incubation with plasma. Non- 
specific binding of dye to plasma proteins would result in 
an increase in fluorescence. Thus the observation that 
kidney cells incubated with control plasma and subse- 
quently washed free of plasma had a lower intensity than 
similar cells incubated with buffer suggests that nonspecific 
protein binding does not account for these observations. 
Also because the medium was buffered to pH 7.4, changes, 
in hydrogen ion concentration also cannot account for 
our observations. Except in the initial experiments, all 
data were obtained using naive cells, that is cells not taken 
from a hemorrhaged animal. The difference in response 
to shock versus control plasma of the many cell types 
tested implies the existence of a soluble factor(s) that is 
expressed differentially in the plasma of a hemorrhaged 
animal. 

It is generally believed that in shock cellular hypoxia, 
usually resulting from ischemia, leads to depolarization 
of the cell membrane,’ perhaps mediated by decreased 
production of adenosine triphosphate.?!*? However the 
RBC depolarizes despite the fact that it does not depend 
on oxygen for metabolism. Furthérmore the cells in the 
present study were not subjected to an experimental period 
of ischemia or hypoxia, so a limitation in oxygen avail- 
ability to the target cell is not required for the development 
of depolarization. However ischemia may be required for 
the production of the circulating factor(s). 

We sought additional evidence that the increase in flu- 
orescence did not result from nonspecific effects of plasma 
proteins or ions. Figure 2 shows that the amplitude of the 
response initially increases with increasing dose of plasma 
and then saturates. Saturation is indicative of specific 
equilibrium receptor-binding processes. For these exper- 
iments, the normal 30-minute incubation was shortened 
to 15 minutes, following which the RBCs were washed 
free of plasma. Thus it would seem that RBCs react rapidly 
to plasma. For some experiments, the plasma was dialyzed 
overnight at 4°C versus Na/K buffer. Dialyzed shock 
plasma depolarized tested cells relative to similarly treated 
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control plasma. These results suggest that the effective 
principle(s) is not an ion or other low-molecular—weight 
(MW) substance; rather the 10,000 MW cut-off of the 
dialysis membrane suggests the factor is intrinsically of 
high MW, or an oligomer, or exists bound as a high MW 
complex. In preliminary experiments we did not take spe- 
cial precautions against proteolytic digestion. Under these 
conditions a given preparation of dialyzed plasma lost 
ability to depolarize unpredictably with time. The addition 
of | mmol/L ethylenediaminetetraacetic acid and apro- 
tinin (200 KIU/mL) afforded more stable preparations. 
These results suggest that the factor(s) either is itself a 
protein or is bound to a carrier protein. 

Tables 1 and 2 show that a wide range of mammalian 
species and cell types respond to rat shock plasma. In fact 
every cell type tested responded positively to shock 
plasma. However skeletal muscle responded only after 
having differentiated in culture (data not shown); this may 
indicate maturation-dependent acquisition of the appro- 
priate receptor. Figure 1 suggest that the circulating fac- 
tor(s) exists as a readily releasable pool with indications 
of possible further synthesis at later time. 

Both in vitro application of TNFa! and in vivo appli- 
cation of PAF! induce membrane depolarization. Our 
results (Figs. 3 and 4) indicate that these effects do not 
result from the direct action of these agents on the target 
cells. Neither TNFa nor PAF alone or in combination, 
even at supraphysiologic concentrations, depolarized any 
of the cell types tested. Furthermore monoclonal anti- 
bodies to TNFa did not affect the depolarization induced 
by shock plasma (Fig. 5). Heparin also was ineffective in 
our hands. Because the excised muscle used by Tracy et 
al.!> contained blood vessels, it is possible that TNFa acted 
by release of a substance such as the endothelins. En- 
dothelins gave mixed results in the depolarization assay 
(Table 4). None of the endothelins tested was active against 
RBCs. However both endothelins 1 and 2, but not en- 
dothelin 3, depolarized aortic smooth muscle, whereas 
endothelin 3 depolarized HISM. Because endothelin did 
not depolarize all the cell types affected by shock plasma, 
we do not think it is the sole active principle in hemor- 
rhagic shock. Therefore we did not pursue this observation 
in greater detail in this study. However, if striated muscle 
reacts as does smooth muscle, one or more endothelins 
might te the final principle active in the report of Tracey 
et al.!° 

The observed membrane defect is associated with an 
increased intracellular sodium concentration.” To ascer- 
tain the requirement for exogenous sodium, we incubated 
RBCs and shock plasma either in a high sodium buffer 
or in a high potassium low sodium buffer. We observed 
that dog and pig RBCs were depolarized by rat shock 
plasma only in the presence of high sodium buffers (Table 
1). This observation is consistent with the hypothesis that 
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a defect in the export of cellular sodium combined with 
passive influx of extracellular sodium is responsible for 
the observed depolarization.” 

Our results indicate a 20% to 30% increase in DIBAC 
fluorescence after incubating muscle cells with shock 
plasma. This would correspond to a 20- to 30-mV increase 
in the resting membrane potential, which correlates with 
the observations of Shires and associates.'® This corre- 
lation supports our ability to use this assay to elucidate 
the biochemistry of hemorrhagic shock. We are using the 
techniques developed in this report to monitor chro- 
matographic purification of the active principle. 
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DISCUSSIONS 


Dr. BASIL PRUITT (San Antonio,.Texas): Dr. Gann and his colleagues 

have presented daia suggesting that a circulating toxin capable of im- 

‘pairing cell function is induced by hemorrhagic shock. These data sup- 
porting the earlier findings of Dr. Shires and others suggest that a humoral 
factor that is neither TNF nor PAF appears in the plasma within 5 minutes 
of shock and causes the depolarization of a wide variety of cells. 

That the factor remains uncharacterized raises the possibility that it 
is the Phoenix of myocardial depressant factor and burn toxin, the effects 
of which have been attributed to salt concentration and endotoxin, re- 
spectively. 

In these studies the possibility also exists, unless precautions were 
taken to exclude endotoxin, that this factor actually may be endotoxin 
absorbed from the gut or released from the liver. The dialysis procedure 
described does not exclude endotoxin because endotoxins are a family 
of substances that vary in molecular size from 10,000 to near 2.4 million 
daltons because of the tendency of lipid A to form aggregates. 

Even though the technology used in these studies does not necessitate 
impalement and, therefore, injury to the cells, there are variables that 
influence the fluorescent intensity of oxonol dyes. The voltage-sensitive 
fluorescent dyes such as oxonol bind to proteins. 

Because that is true, the fluorescence of the test system would increase 
if the protein content of the shock plasma were greater than that of the 
control plasma. 

Similarly fluorescence is influenced by cell size and decreases as the 
membrane surface area per unit cell volume is increased. If exposure to 
shock plasma causes the volume of the cells in the test system to decrease, 
measured fluorescent intensity would increase, independent of other fac- 
tors. 

In addition the authors note that the measurement of decreased po- 
tential difference was dependent on the sodium content of the test system. 
Other investigators using oxonol 6 to measure membrane potentials found 
that as sodium concentration decreases, the transport mode of the sodium 
potassium ATPase pump mechanism changes from electrogenic to elec- 
troneural. And J ask whether the sodium concentration in either the 
plasma or in the cells in the test system varied between the control and 
the shock samples. 

Recent studies of inside-out vesicles from red blood cells have shown 
that membrane potentials decrease as pH is increased. I would ask the 
author whether the pH of the shock plasma systematically differed from 
that of the control plasma. 

I compliment the authors on their application of new noninvasive 
technology to the pathophysiology of shock. They note that preliminary 
studies are consistent with the factor being a protein or bound to a protein. 
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And that raises the possibility that an antibody can be developed that 
will counteract the effects of the factor and reverse the cellular impairment 
characteristic of early shock. 


Dr. JAMES CARRICO (Dallas, Texas): After Dr. Pruitt’s eloquent and 
detailed discussion, my job is fairly simple. I would like to emphasize 
the potential importance of this study, raise a note of caution, and then 
ask Dr. Gann two questions. 

We have been told that there is activity in serum taken from animals 
subjected to shock that produces depolarization of a number of cells in 
vitro. 

The importance of this study is multiple, but among the potential 
importance is that it validates the observations of Dr. Shires and his 
coworkers by totally different methodology. 

It explains a number of observations that have been hanging, waiting 
explanation, including the difficulty of tourniquet-induced ischemia to 
produce similar depolarization and including some cross-circulation 
observations published by Trunkey when he was working in Dr. 
Shires’ lab. 

As Dr. Pruitt mentioned, it opens new avenues for understanding the 
pathophysiology of shock and potentially new therapeutic modalities. 
So the potential importance is there. 

The caution is also rdised by Dr. Pruitt, and that can be phrased as: 
Have we been here before? The myocardial depressant factor in various 
names and various reports has, again and again, raised our enthusiasm 
only to be discovered to be related to some methodologic quirk. 

So the obvious question and the obvious caution is to carefully look 
at the methodology and determine if there some is methodologic qua 
that is producing these findings. 

What Dr. Gann has really showed us is that there is activity in hotl 
serum that increases the fluorescence of cells treated with a super vital 
dye that is, among other things, responsive to changes in membrane 
potential. 

Dr. Pruitt mentioned a number of other factors that can change the 
fluorescence of such dyes, and those need to be investigated. 

My questions are very general and fairly simple. Can you give us any 
more infirmation about what you have done to rule out some of the 
other causes of alteration in fluorescence: changes in iron concentration, 
changes in protein concentration, changes in cell volume, changes in 
amount of dye attached to the cell, and changes in the nature of the fatty 
acids of the cell membrane itself? 

Have you validated this observation by other methods; for instance 
administration of this serum to other animals and observation of not 
fluorescence of red cell membranes but rather intracellular sodium con- 
tent of red cells, which would suggest this same change? 
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Dr. DONALD S. GANN (Closing discussion): I think before I address 
the specific questions, I would just pick up on something that Dr. Carrico 
said. Namely this represents a totally independent approach to the findings 
of Dr. Shires and his colleagues. The fact that we ended up with the 
same change in transmembrane potential, the same proportional change 
in all the cells that we tested as has been shown by him and his colleagues 
over the years at least provides for me a feeling of some reassurance that 
we may be addressing a real phenomenon. 

I tried to point out in my talk that the presence of sodium is required 
if the cell is to depolarize according to Dr. Shires’ theory. As Dr. Pruitt 
noted, the NAK ATPase is electrogenic only in the presence of high 
sodium on the outside. That 1s consistent with our findings. The sodium 
concentration was the same in the buffer in all the experiments that I 
showed you, except the first one, for which we showed the requirement. 

With regard to endotoxin, our current understanding of the action of 
the endotoxins is that they bind to a specific endotoxin-binding protein 
in plasma and then attach to a specific receptor on the macrophage. At 
the present time, this receptor has not been identified in other cells. That 
does not mean that endotoxin can not work on other cells, but it makes 
endotoxin an improbable single factor in these experiments, although 
we have no experiments to rule it out. 4 

With respect to some of the vagaries of the oxonol dyes, we have 
attempted to deal with some of these. The cells were exposed to oxonol 
in their initial incubation with plasma from control or shock species and 
then were resuspended in a variety of solutions. In those solutions there 
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was always the presence of dye in excess, so that the oxonol concentration 
available to the cells should not have been limiting. 

The osmolality of the medium was held constant. So except for changes 
in the electrogenic pump, there should have been no control mechanism 
for cell volume. And that is precisely what we are trying to deal with, so 
it is very hard to exclude that further. 

The cells were washed to eliminate extracellular protein. As Dr. Pruitt 
noted, if the protein were a factor in the fluorescence observed from the 
oxonol, we should have seen diminished fluorescence. In fact we saw 
enhanced fluorescence, excluding that. 

The buffer solution was controlled carefully to pH 7.4 in all experi- 
ments. I doubt that pH can be a factor. 

We have not done the toxicity studies that Dr. Carrico suggested. We 
have, instead, tried to address our current activity to isolation of this 
factor or factors. At the present time we have narrowed the field some- 
what. Proteinase inhibitors can prevent destruction of the cell at room 
temperature, and we believe we have a protein—preliminary experiments 
with chromatography suggest a molecular weight of between 50,000 and 
150,000. 

We are doing a series of studies with chromatography and electro- 
phoresis. We have about 10 candidate proteins, not all of which have 
activity. I can not tell you any more about what we are dealing with 
now. I hope it’s not an artifact, but I recognize that we may be dealing 
with just that. 
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The present investigation was performed to study the kinetics 
of tissue distribution and deposition of Escherichia coli and en- 
dotoxin translocating from the intestine after thermal injury. 
Escherichia coli was grown in the presence of C glucose and 
both labeled bacteria and endotoxin prepared from the labeled 
bacteria were used as translocation probes. Escherichia coli (10° 
to 10" bacteria) and E. coli endotoxin (100 ug per animal) were 
gavaged into the stomach immediately before a 30% burn injury 
was inflicted in mice. Animals were killed 1, 4, and 24 hours 
after burn injury. Translocation occurred extensively within 1 
hour after burn injury. Expressed as amount of radioactivity per 
gram of tissue, translocation was greatest in the mesenteric lymph 
node (MLN) followed by spleen, lung, and liver. Translocation 
of endotoxin was similar to translocation of intact bacteria, with 
the exception that less radioactivity could be found in the peri- 
toneal cavity and more in the liver. Both intact Æ. coli and en- 
dotoxin translocated directly through the intact bowel wall. Kill- 
ing of bacteria was greatest in the MLN and spleen, approxi- 
mating 95% to more than 99% of translocating bacteria. Killing 
efficiency was lowest in the lungs. It is concluded that estimation 
of translocation by viable bacterial counts in tissues grossly 
underestimates the extent of translocation of bacteria and ignores 
the extent of translocation of endotoxin. Translocation of en- 
dotoxin may have biologic significance that is independent of 
and in addition to translocation of intact bacteria. 


ICROBIAL TRANSLOCATION, DEFINED as the 
passage of both viable and nonviable microbes 
and microbial products, including endotoxin, 
across an anatomically intact intestinal barrier, has be- 
come a fashionable topic of surgical research. This process 
could be, at least in part, a predisposing factor for systemic 


Presented at the 102nd Annual Scientific Session of the Southern Sur- 
gical Association, Boca Raton, Florida, December 3-6, 1990. 

Supported by USPHS grant AI-12936 and the Shriners of North 
America. 

Address reprint requests to J. Wesley Alexander, M.D., Sc.D., U.C. 
Medical Center, Transplant Division, 231 Bethesda Ave., Cincinnati, 
OH 45267-0558. 

Accepted for publication December 6, 1990. 


From the Transplantation Division of the Department of 
Surgery, University of Cincinnati Medical Center, 
Cincinnati, Ohio 


infections,'~* postinjury hypermetabolism,>® multiple- 
system organ failure in seriously ill patients,’ and clinical 
sepsis in the absence of a defined focus of infection.” 
Studies in experimental animals revealed that transloca- 
tion as measured by recovery of viable organisms from 
regional lymph nodes is increased by agents causing direct 
injury of mucosal cells and by indirect injury, which is 
almost always associated with reduced blood flow.'°"!? In 
addition diseases associated with ulceration of the gas- 
trointestinal tract are associated with recovery of viable 
organisms from the mesenteric lymph nodes.'°!! Several 
predisposing factors for translocation have been identified, 
including alteration of the intestinal flora, malnutrition, 
immune compromise, and very young age. Hemorrhagic 
shock and thermal injury with malnutrition served as 
useful models for studying translocation. However the 
‘translocation’ reported to occur in models of hemorrhagic 
shock appears to be primarily through mucosal ulcera- 
tions, whereas in models of burn injury and malnutrition, 
there is clear evidence for direct passage of both organisms 
and endotoxin through morphologically intact entero- 
cytes. !>!4 

Because most studies of microbial translocation have 
been quantitated by the recovery of viable organisms from 
the mesenteric lymph nodes and other tissues by culture 
techniques, the relative rates of translocation and distri- 
bution of organisms that are killed by host defense mech- 
anisms and the rate and distribution of translocation of 
endotoxin are largely unknown. The present investigation 
was performed to study the kinetics of tissue distribution 
and deposition of Escherichia coli and E. coli endotoxin 
translocating from the intestine after thermal injury. 
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Materials and Methods 
Animais and Animal Care 


Adult female BALB/c mice weighing 20 to 22 g (Charles 
River, Wilmington, MA) were used for all experiments. 
They were caged in groups of five and provided food (Ro- 
dent Laboratory Chow 5001, Purina Mills, Inc., St. Louis, 
MO) and water ad libidum during a quarantine period of 
| week so they could adapt to the standard laboratory 
environment and to detect any pre-existing diseases. The 
protocols were approved by the University of Cincinnati 
Medical Center’s Institutional Animal Care Use Com- 
mittee and the animals were housed in an AAALAC-ap- 
proved facility. All investigations adhered to the Guide 
for the Care and Use of Laboratory Animals as set forth 
by the Committee on the Care and Use of Laboratory 
Animals, National Research Council, the United States 
Department of Health and Human Services and the Na- 
tional Institutes of Health. 


Preparation of Bacteria and Endotoxin 


Escherichia coli (53104) was inoculated into glucose- 
free minimal nutrient media and grown for 19 hours at 
37°C. 14C glucose, 500 aCi (New England Nuclear, Bos- 
ton, MA) was added to the suspension and incubated 
overnight. The culture was centrifuged to pellet the or- 
ganisms, washed, quantitated with a Klett densitometer 
(Klett Mfg. Co., New York, NY), and adjusted to the 
desired concentration. Endotoxin was prepared and ex- 
tracted from similarly labeled organisms by a previously 
described technique. '* 


Surgical Procedures and Burn Injury 


One day before burn injury, the hair of the animal torsos 
was removed by clipping. Food was withheld for 18 hours 
but water was provided ad libidum before gavage with 
0.1 mL of the translocation probe ('*C E. coli or 4C en- 
dotoxin) or saline solution while the animals were awake. 
After gavage they were anesthetized with methoxyflurane 
inhalation anesthetic and a 30% full-thickness burn was 
inflicted using the technique of Holder et al.'° Saline (0.1 
ml) was administered immediately after burn injury for 
fluid resuscitation and the animals were allowed to recover 
from anesthesia. Groups of animals were reanesthetized 
at 1, 4, and 24 hours after burn, bled by cardiac puncture, 
and killed. Animals to be killed at 24 hours were allowed 
free access to food and water 4 hours after burn. Saline 
(1.0 mL) was injected into the peritoneal cavity and the 
abdomen was gently massaged to create even distribution 
of the fluid. The animals were prepped with 70% alcohol 
and aseptic techniques were used to remove the peritoneal 
fluid, mesenteric lymph nodes (MLN), spleen, liver, and 
lungs. The solid tissues (MLWNs, spleen, liver, lungs) were 
weighed individually and homogenized after the addition 
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of 1.0 mL of sterile normal saline. One hundred micro- 
liters of the homogenate was removed and plated on brain 
heart infusion (BHI) agar plates (Baltimore Biological 
Laboratories, Baltimore, MD) for quantatdtive colony 
counts after 18 hours of incubation. The remaining por- 
tion of the homogenate was lyophilized and clarified using 
a nitric acid procedure.'® This solution was diluted 1:11 
in 0.75 mol/L (molar) TRIS buffer and the disintegrations 
per minute (dpm) of fC in 0.5 mL was determined by 
liquid scintillation counting (Beckman Model LS 3133 
liquid scintillation counter, Beckman Instruments Inc., 
Fullerton, CA). Blood was processed similarly through 
the decolorization procedure. 

The viable colony counts were enumerated by counting 
and expressed as bacteria per gram of tissue or milliliter 
of fluid by multiplying the actual counts by 10 X 


. The radioactivity in tissues | fluids was 
weight 


expressed as dpm per gram of tissue after correction for 
dilution. Repeated experiments determined that approx- 
imately 1 dpm represented 121 organisms as measured 
by a Klett densitometer. Sample checks determined that 
counts by Klett densitometer approximated viable counts. 
Where applicable the percentage of viable bacteria in tis- 
sues and fluids was derived by dividing the observed viable 
bacteria by the number of estimated bacteria as deter- 
mined by radioactivity in the tissues. 

To determine the number of organisms that remained 
viable during intestinal transit, the stomach, small intes- 
tine, and colon were excised after aseptic removal of the 
MLNs, liver, spleen, and lungs. Each segment was washed 
with 1.0 mL sterile saline and the fluid was subjected to 
liquid scintillation counting and plate quantitation of col- 
ony counts on BHI plates. | 


Experimental Groups 


Five experiments using 15 mice each were performed. 
Mice in experiment 1 were gavaged with 10° E. coli or- 
ganisms per mouse, mice in experiment 2 with 10° or- 
ganisms per mouse, and mice in experiment 3 with 10!° 
organisms per mouse. In experiment 4, mice were gavaged 
with 0.1 mL saline containing 100 ug of '*C endotoxin. 
Experiment 5 was a duplicate of experiment 3.| Mice were 
killed in groups of five 1, 4, and 24 hours after burn for 
determination of viable colony counts and nuclide counts 
in MLNs, spleen, liver, lungs, peritoneal fluid, blood, and 
washes from intestinal segments as described above 


Preliminary Experiments | 


| 


Initial groups of animals had food withheld for 0, 6, 
12, 18, and 24 hours before burn injury. The translocation 
rate of 10'° gavaged '4C E. coli was highest in animals in 


which food was withheld for 18 or 24 hours, but animals 
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deprived of food for 24 hours had a higher mortality rate. 
Therefore 18 hours of food deprivation was used for sub- 
sequent experiments. 

Killing of animals at 1, 2, 4, and 6 hours after burn 
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Fic. 1. Distribution of E. coli 
in tissues 1, 4, and 24 hours 
after gavage with 10° E. coli 
and burn injury as measured 
by dpm/g tissue or milliliters 
of fluid. All data in this and 
subsequent experiments are 
expressed as mean + SEM. 
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injury determined that translocation to tissues was well 
established by | hour and reached a peak no later than 4 
hours. Translocation did not occur in animals gavaged 
with 10'° '4C E. coli that were not burned. 


FIG. 2. The percentage of vi- 
able organisms that translo- 
cated to tissues in mice ga- 
vaged with 10° Æ. coli before 
burn. 
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To determine the transit time through the intestine, 
animals were deprived of food for 18 hours, gavaged while 
awake with 0.1 mL India ink, anesthetizec, burned, and 
killed at 1 and 4 hours after burn. By 1 bour the small 
intestine and cecum were filled with the India ink but 
none appeared in the feces. By 4 hours both feces and 
urine were darkly stained, as was the ileum, cecum, and 
colon. There was residual staining in the stomach. None 
of the animals had India ink grossly apparent in their 
lungs. 


Experiment I 


The distribution of translocation as measured by ra- 
dioactivity expressed as dpm per gram of tissue or milliliter 
of fluid is shown in Figure 1. The most concentrated ac- 
tivity was found in the MLNs, followed by the spleen and 
blood. When the percentage of organisms that remained 
viable was calculated for each tissue, more than 95% of 
those in the MLNs, spleen, blood, and per.toneal cavity 
were killed at each time interval. In contcast a greater 
percentage of organisms remained viable in the liver and, 
especially, the lungs (Fig. 2). 


Experiment 2 


Gavage with 10? E. coli resulted in a modest increase 
in the organisms recovered from all tissues. as shown by 
dpm per gram of tissue (Fig. 3). The same pattern of dis- 
tribution was seen with the greatest numbers of counts 
found in the MLNs and spleen. When the percentage of 
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viable organisms was calculated, similar trends were seen, 
generally with less than 5% of organisms surviving in the 
MLNs, spleen, and blood compared to higher viability in 
the lungs and peritoneal cavity (Fig. 4). 


Experiment 3 


When 10!° E. coli were gavaged, increased radioactivity 
was found in all of the tissues, but this was not propor- 
tionate to the increase in dose as compared to experiments 
1 and 2. The pattern of distribution was similar to the 
previous experiments, with greater amounts translocating 
to the MLNs and spleen than to the liver or lung, which, 
in turn, were greater than the blood and peritoneal cavity 
(Fig. 5). Similar to experiment 2, the viability of organisms 
was greatest in the lungs and peritoneal cavity, with a 


` greater percentage being killed in liver, spleen, MLNS, 


and blood, respectively (Fig. 6). 


Experiment 4 


In this experiment, animals were gavaged with 100 ug 
of '*C endotoxin with a specific activity of 25,426 dpm 
per microgram. Judging from the tissue counts, shown in 
Figure 7, less than 0.1% of the administered radioactivity 
was found in the tissues at any given time, with the highest 
concentrations found in the MLNs, liver and lung, a 
somewhat different pattern from that seen for intact E. 
coli. The highest tissue endotoxin concentration, i.e., in 
the MLNs represents approximately 0.04 ug/g tissue. 
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Experiment 5 


dpm/gm or ml 


0 


This experiment was a duplicate of experiment 3 and 
the data, presented in Table 1 in tabular rather than 
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graphic form, generally confirm the findings of experiment 
3, although the radionuclide counts weré somewhat higher 


in MLNs and spleen, with a greater percentage of bacteria 
killed in these tissues. š 
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Fic. 4. The percentage of vi- 
able organisms that translo- 
cated to tissues in mice ga- 
vaged with 10° E. coli before 
burn. 


Fic. 5. Distribution of E. coli 
in tissues 1, 4, and 24 hours 
after gavage with 10° E.coli ~ 
and burn injury as measured 
by dpm/g tissue or milliliters 

of fluid. = ¢ 
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TABLE 1. Distribution of Nuclide and Viable Bacteria for Animals in Experiment 5 


Estimated Bacteria Percentage of 
Bacteria X 10°/g Cultured/g or Viable 
dpm X 10?/g or mL or mL mL Bacteria 
MLN I 1519 + 469 23,997 + 6,145 400 + 242 0.007 + 0.001 
4 791 + 157 9,571 + 1,906 1548 + 1116 0.01 + 0.007 
24 279 + 64 3,383 + 780 787 + 681 0.29 + 0.26 
Spleen l 117+ 14 1,136 + 260 817 + 665 0.19 + 0.21 
4. 105 + 10 1,275 + 106 827 + 579 0.07 + 0.04 
24 9347 1,132 + 87 498 + 431 0.04 + 0.04 
Liver I I3 3 218 + 28 4404 + 3645 2.08 + 1.67 
4 [EES 214 + 40 7468 + 3353 3.63 + 1.46 
24 ILE? 134 + 21 10,167 + 6674 3.80 + 2.18 
Lungs I 48 + 12 591 + 146 37,918 + 8998 5.56 + 1.26 
4 58 + 19 708 + 234 15,254 + 6710 11.63 + 3.74 
24 41+9 378 + 144 68,628 + 35,145 20.08 + 12.14 
Blood I 54] 59 + 16 0 0 
4 5S1 56 11 0 0 
24 5+0.1 62 + 1 0 0 
P wash ] 3+ 0.7 34+7 870 + 517 4.96 + 3.61 
4 2+ 0.6 29+8 1294 + 989 4.73 + 2.21 
24 340.1 $6 +: 1317 + 1297 3.20 + 3.15 


Values are given as mean + SEM. 


Determination of Bacterial Viability in the Intestinal Tract 


The washes of the contents of the stomach, small in- 
testine, and colon are shown in Figure 8 as a percentage 
of viable bacteria related to radionuclide counts. Per- 
centages greater than 100% found in the small intestine 
and colon could reflect the presence of indigenous unla- 
beled intestinal bacteria or growth of labeled bacteria by 
4 and 24 hours. The data suggest that about one half of 
the bacteria in the intestinal lumen remains viable during 
transit. Similar values were found for the luminal washes 
in animals gavaged with 10® or 10° E. coli (data not 
shown). 


Discussion - 


Translocation of bacteria from the gastrointestinal tract 
is a dynamic process. Most studies on translocation have 
used detection of viable organisms in the MLWNs as well 
as other tissues to determine the incidence and degree of 
translocation. In such analyses, the major variables that 
influence the results are the type and quantity of bacteria 
in the intestinal tract, the dynamics of transport across 
the mucosal barrier, and the rapidity by which organisms 
are killed in the tissues. Using a radionuclide probe of a 
specific organism, such as E. coli, or of endotoxin derived 
from £. coli more accurately reflects the total amount of 


translocation to each tissue and removes, to a large extent, . 


the differences in the rate of killing by individual animals 
when translocation is determined by radioactivity at a set 


time. However other variables are introduced, including 
multiplication of organisms both in the intestinal tract 
and tissues and redistribution of the isotope by metabolic 
processes of the organism and of the phagocytic cells after 
ingestion. The present studies suggest that perhaps one 
half of the organisms were viable at the time of translo- 
cation and that both organisms and endotoxin translocate 
very soon (within 1 hour) after burn injury. Rapid trans- 
location of bacteria from the gastrointestinal tract also 
was observed by Redan et al.,!’ who showed extensive 
translocation of !*C-labeled E. coli by the end of a 5-hour 
period of hemorrhagic shock in rats. However their study 
showed more translocation to the lung than to the spleen. 
The observation that the amount of translocated organism 
does not change very much between 1 and 24 hours as 
measured by either tissue radioactivity or viable organisms 
was somewhat surprising and suggests a dynamic balance 
between clearance of both label and viable organisms and 
continued translocation through the enterocytes. It is not 
surprising that the translocation of endotoxin followed a 
pattern that was similar to the distribution of intact or- 
ganisms because previous studies suggested that the pat- 
terns of movement of E. coli and E. coli endotoxin through 
the enterocytes, lamina propria, and muscularis were 
similar. '* 

In these experiments, killing of translocated organisms 
appeared to be greatest (approximately 99% or more) in 
the MLNs and least (approximately 50%) in the lungs. 
The translocation of endotoxin appeared to be somewhat 
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different from intact Æ. coli because there was more trans- 
location to the liver and less to the peritoreal cavity. Be- 
cause it js water soluble and often bound to proteins, it 
may be that the endotoxin that translocated to the peri- 
toneal cavity was absorbed systemically more easily than 
the labeled E. coli trapped by peritoneal macrophages or 
neutrophils. Both the experiment with the 2ndotoxin and 
the viable E. coli indicate that the biologic effects of en- 
dotoxin translocation may be much grea‘er than could 
be appreciated by measurement of colony counts in the 
MLNs or other tissues. The concentratior of endotoxin 
detected in tissues (up to 0.04 ug/g) is more than that 
necessary to stimulate macrophages and other cells in vi- 
tro. Because only 100 ug of endotoxin was administered 
and endotoxin concentrations may consicerably exceed 
this in stool, it is very likely that endotoxir translocation 
is of great biologic importance independent of translo- 


cation of intact organisms. Endotoxin translocation has - 


been shown previously by Rush et al.!® using a hemor- 
rhagic shock model in germ-free rats as well as others 
using conventional animals.!?~! Jn vitro inzection studies 
by Nolan et al.” indicated that endotoxin movement 
across the enterocyte was an active process involving a 
transport system. 

These studies suggest that the use of a translocation 
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probe, ie., the administration of a known quantity of a 
radionuclide-labeled bacteria or bacterial product, may 
be a superior way to assess differences in translocation 
rates across the mucosal barrier when comparing different 
experimental groups. An intragastric inoculum of ap- 
proximately 10!° E. coli appears to be a suitable dose in 
this animal model. The technique has other advantages 
in that the relative contributions of the rate of translo- 
cation across the mucosal barrier and the rate of microbial 
killing by host defense mechanisms can be assessed si- 
multaneously. 

Translocation of intact organisms into the peritoneal 
cavity through the intact intestinal wall was shown by 
previous investigators, including Wells et al.” and Mora 
et al.,2* who demonstrated that enteric organisms could 
be found in monocontaminated experimental intra-ab- 
dominal abscesses and intra-abdominally implanted for- 
eign materials, respectively. Earlier studies by Papa et al.,”° 


- and by Booth et al.”° suggested migration of intact bacteria 


through an anatomically intact intestinal wall in the pres- 
ence of ischemia or obstruction. Maejima and Deitch?’ 
and Deitch et al.” also showed translocation of bacteria 
to the peritoneal cavity after burn injury in mice. The 
precise process by which organisms pass directly through 
the muscularis remains to be determined, although pre- 
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vious studies from our laboratory showed that both en- 
dotoxin and E. coli pass between mycocytes rather than 
through them.'* 
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part of the septic response? 


Dr. EDWIN DEITCH (Shreveport, Louisiana): The concept, that bac- 
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focus on two questions. One is its relevance to clinical practice and the 
other is the mechanisms that promote and limit translocation. 
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As you know, we have been interested in this field for quite a while 
and have noticed some very fascinating observations, one of which, I 
think, focuses on the study that Dr. Alexander showed us today. And 
that is the concept that bacterial translocation is not an all or none phe- 
nomenon. We see conditions in which translocation occurs, yet the animal 
appears perfectly well, and in which translocation appears to be a mi- 
crobiologic phenomenon. On the other hand, we see conditions in which 
bacteria or endotoxin ultimately can lead to gut origin sepsis, death, and 
a septic status. 

Thus we need to understand what factors limit the systemic spread of 
bacteria once barrier function is lost. We believe that it is the immune 
system that is important. One loses barrier function, the bacteria cross; 
if the immune system is normal, bacterial spread is limited, but if the 
immune system is impaired, the bacteria may spread systematically. 

Because of that I think the work that was presented today is excep- 
tionally important in putting the ability of the host to control bacteria 
in perspective. 

Have you done any immunologic studies to determine what it is that 
allows these bacteria to survive and, conversely, what it is that allows 
these bacteria to be killed? 

The concept of the multi-insult model, I think, applies here because 


Vol. 213 + No. 6 


this was a starved animal that required both a burn injury and inoculation 
with bacteria to see systemic translocation. Would you comment on 
that? 

Next, would you tell us a little bit about the Escherichia coli? Was 
this a pathogenic ŒE. coli or a normal benign strain? Do you think the 
probe that you used for the bacteria is important? Have you done anything 
to reverse the process? 

Last I ask you about the question of genetic susceptibility to injury. 
As you know, we have looked at burn injuries in different strains of mice 
end found that the BALB/c is uniquely susceptible to thermal injury 
and thermal injury-induced loss of barrier function. So I wonder if you 
have any thoughts about this or have looked at other strains. 


DR. DAVID HERNDON (Galveston, Texas): Dr. Alexander has again 
impressively added to his groundbreaking work on translocation of bac- 
teria and endotoxin from the GI tract after burns. ` 

This really is a landmark paper for he has, for the first time, identified 
for us the startling proportion of nonviable bacteria that translocate and 
have heretofore not been recognized because our standard essays have 
been for viable bacteria almost exclusively. 

The significance of this finding is that massive early dead bacterial or 
endotoxin translocation load can prime a burn victim’s defense system 
to respond in a more exaggerated fashion to subsequent insults. 

Most impressive, also, is the fact that the highest percentage liability 
for bacteria in this study was in the lung, which can implicate translocation 
as the most significant contributor to ICU acquired pneumonias in burn 
patients. 

I did nctice that although this phenomena occurred at every dose of 
Escherichia coli, it was less at the higher dose, which is a paradox I wish 
Dr. Alexander would further elucidate. 

These studies confirm the time course studies previously reported by 
Drs. Saydjari and Townsend that have shown rapid repair of GI mucosa 
as demonstrated by DNA, polyamine, and ODC content after acute 
burn injury, indicating that the phenomena of bacterial translocation 
occurs extremely eariy in the first hour or two after injury, with almost 
complete recovery of the git by 12 to 24 hours after injury. 

A comment about the cliaical significance of this finding should be 
made. We have been demonstrating in animals translocation in several 
different animal models. But there is a large clinical study recently re- 
ported by the Moores from Denver, in which they placed catheters into 
the portal vein of a large group of patients who were at very high risk 
for multiple-organ failure and whom we would have expected would be 
the most clinically relevant model for translocation. Although they found 
a 25% incidence of positive bacterial cultures in the mesenteric lymph 
nodes of these patients, they found no bacteria or endotoxin in portal 
vein cultures. 

I would ask Dr. Alexander to comment on this clinical study. Could 
the need far prolonged fasting, as was present in this model, explain the 
paradox? Perhaps two insults are required for translocation to become 
clinically significant. 
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Dr. J. WESLEY ALEXANDER (Closing discussion): There is, of course, 
the persistent question of the biologic relevance of translocation. I believe 
that must await further investigations. It is fairly obvious, however, that 
translocation does not play a significant role in normal, healthy individ- 
uals. 

The study of Moore is of particular interest, and in that they showed, 
as Dr. Herndon indicated, there was little evidence of recovery of bacteria 
from the portal vein by a portal vein cantilation to the omphalomesenteric 
vein in patients with traumatic injury. This may be due to a couple of 
reasons. One is that that particular group is very dedicated to aggressive 
resuscitation of patients, preventing shock as much as possible, which 
Dr. Rush has, of course, shown is a very important model for producing 
translocation. And they also have been very aggressive in early enteral 
nutrition, which we and others have shown are important factors in 
reducing the translocation rate. Their model in humans may not have 
shown much evidence of translocation because of their very effective 
post-traumatic treatment of the patients. 

It may be important to note that translocation of endotoxin may ac- 
tually be a helpful phenomenon, As most of you will realize, there has 
been an extreme effort in the past few years to investigate biologic immune 
modifiers that will improve host defense after a variety of types of injury 
and infection. For the most part, these experiments have not been very 
helpful and have not led to products that will be very effective, at least 
at the clinical level. 

Perhaps one of the reasons is that because in experimental models 
endotoxin itself is a very important and potent modifier that will improve 
resistance to infection if given in doses that are not enough to cause 
shock. So in fact translocation of endotoxin may be helpful in stimulating 
immune responses and protection against infection in the early post- 
traumatic period. 

However prolonged exposure to endotoxin and to bacteria may occur 
in certain groups of patients such as those admitted to the intensive care 
unit with persistent underperfusion of tissues and lack of enteral nutrition 
may have a particular susceptibility to the adverse effects of the trans- 
location process. 

Certainly it is clear it is not important in everyone. 

As far as the immulogic studies that Dr. Deitch asked about for con- 
trolling killing by the host, we have not effectively addressed those ques- 
tions yet, although others have shown that steroids, as an example, given 
to animals may increase the rate of translocation, as indicated by recovery 
from the mesenteric lymph nodes. This may simply reflect a decrease in 
the killing at those areas. 

The Æ. coli we use is pathogenic, and we deliberately use the BALB/ 
c mice based on his studies, which show that it is an appropriate model 
if we wish to show translocation. 

As far as reversing the process is concerned, it is clear that enteral 
nutrition provides protection against the translocation process, and this 
has been used effectively in a variety of clinical studies, including that 
of Drs. Moore in Denver to decrease translocation and to decrease the 
rate of infection in traumatized patients. 

Investigations in the laboratory have shown a variety of other sub- 
stances, such as glutamine, may decrease translocation in certain models. 
Prostaglanden analogues, particularly the E series, may do it, and certain 
trophic hormones such as bombesin may do it. 
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Beta adrenergic blockade diminishes the catecholamine-mediated 
elevations in heart rate and myocardial contractility that char- 
acterize postburn hypermetabolism. To examine how these al- 
terations in cardiac performance affect peripheral perfusion, in- 
direct calorimetry and leg blood flow were measured before and 
then after a 2-hour intravenous propranolol infusion. Five se- 
verely burned patients (55% + 7% total burn surface area), given 
propranolol at 8 ug/kg/minute, had a significant reduction in 
cardiac index and heart rate with an increased leg vascular re- 
sistance resulting in a decrease in extremity perfusion. Four 
healthy volunteers were given propranolol at 5 ug/kg/minute, 
resulting in a comparable decrease in heart rate, yet there was 
no change in leg vascular resistance or extremity perfusion. In 
both patient groups, propranolol decreased the plasma lactate 
concentration. This suggests that in hypermetabolic patients, 
beta adrenergic blockade reduces peripheral perfusion and that 
peripheral perfusion is not a principal determinate of plasma 
lactate levels. Rather adrenergic blockade appears to decrease 
lactate concentration as a consequence of the inhibition of li- 
polysis. 


HE TREMENDOUS OUTPOURING of catechol- 

amines after a thermal injury appears, in part, to 

mediate the hyperdynamic, hypermetabolic stress 
response. In attempting to blunt this response to cate- 
cholamines, beta adrenergic antagonist has been admin- 
istered with controversial efficacy. In an extensive eval- 
uation of the relationship between catecholamines and 
metabolic rate in burn patients, Wilmore et al.! demon- 
strated a significant correlation between increasing urinary 
catecholamine excretion and an increasing metabolic rate 
induced by cold stress. They also identified four severely 
burned patients in whom cold failed to induce the cate- 
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cholamine-mediated stress response and resulted in a par- 
adoxical decrease in the metabolic rate. All four nonre- 
sponding patients later died of burn-related complications. 
Consequently Wilmore et al.! deduced that the catechol- 
amine-mediated elevation in metabolic rate may be ap- 
propriate and integral for recovery after a major burn. 
Furthermore Goodall et al.,** in a series of studies, 
showed that the increased turnover and excretion of cat- 
echolamines after thermal injuries can deplete the adrenal 
medulla of catecholamines and reduce monoamine stores 
in sympathetic ganglia. They concluded that supplemen- 
tation of adrenergic precursors may be beneficial in main- 
taining catecholamine synthesis and ensuring an adequate 
stress response and continued hypermetabolism. In con- 
trast Herndon et al. demonstrated that limited beta ad- 
renergic blockade in burn patients may be beneficial by 
reducing myocardial work. In that study propranolol failed 
to decrease the resting energy expenditure and the overall 
hospital course and mortality, rate were clinically unaf- 
fected. However propranolol did significantly increase 
urea production and may paradoxically augment protein 
catabolism. The purpose of this study was to assess the 
impact of reduced cardiac performance by beta adrenergic 
blockage on peripheral perfusion and lactate metabolism 
in severely burned hypermetabolic patients compared to 
normal healthy volunteers. 


Materials and Methods 


Subjects 


Five severely burned and four healthy young men of 
similar size and age participated in this study as approved 
by the Institutional Review Board of the University of 
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TABLE |. Patient Characteristics (Age, Size, and Severity of Burn) for 
Both Patient Groups 





Characteristics Normal Controls (n = 4) Burn Patients (n = 5) 


Age (yrs! 26 +2 p80 i a 
Weight (kg) 72+4 72+9 
BSA (mî) 1.91 + 0.07 1.88 + 0.13 
Leg volume (L) 16,2 =: 152 13.0+1.9 
%TBSA burn 0 6547 
%Full-thickness burn 0 45+ 11 
%Leg burn 

mean + SEM 0 6515 


BSA, body surface area; TBSA, total body surface area; SEM, standard 
error of the mean. 


Texas Medical Branch (OSP-89-144) (Table 1). The pa- 
tients were similar in extent and severity of burn and were 
studied approximately 2 weeks after injury. Increases in 
resting energy expenditure, cardiac index, and heart rate 
confirmed that these patients were hypermetabolic and 
hyperdynamic (Table 2). Standardized treatment proto- 
cols for initial fluid resuscitation, formulated nutritional 
support, and manner of operative care with early burn 
wound excision and serial autographing allowed unifor- 
mity in patient care.” The volunteers were considered 
healthy by screening history, physical examination, and 
blood analysis. All were normal for height and weight and 
were not receiving any medications. 


Study Protocol 


The study was begun in the morning following an over- 
night fast. In addition the burn patients had all enteral 
and parenteral nutrition discontinued 6 hours before ini- 
tiating this study. Resting energy expenditure was assessed 
by indirect calorimetry using a metabolic cart (Sen- 
sorMedics MMC Horizon System 4400, Anaheim, CA). 
Placement of femoral arterial and venous catheters al- 
lowed for pressure monitoring and serial blood sampling. 
Cardiac output was determined in the burn patients with 
a 5-mg bolus injection of indocyanine green dye via the 
central venous access and measurement of dye dilution 
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FIG. 1. Schematic diagram of bolus dye dilution method for determining 
leg blood flow. 


from the femoral artery. Central venous access was not 
placed in the normal volunteers and precluded measure- 
ments of cardiac output. Leg blood flow also was deter- 
mined by bolus dye dilution.’ This entailed injection of 
a 5-mg bolus of indocyanine green dye into the femoral 
artery as blood was being aspirated from the femoral vein 
through a spectrophotometer (Fig. 1). The depreciation 
of the spectrophotometric measurement then reflected 
extremity perfusion as quantitated by a pediatric cardiac 
output computer and confirmed graphically (Lyons Med- 
ical Instruments Corp., Van Nuys, CA). The values for 
leg blood flow by this method were similar to results re- 
ported for age- and size-matched normals by the contin- 
uous-infusion dye dilution method® and for normals and 
patients with severely burned legs determined by ple- 
thysmograph.’ Leg volume was assessed by the integration 
of several circumference measurements at 5-cm intervals 
with the length of the calf, thigh, and foot. 

After baseline protocol measurements and blood sam- 
pling, propranolol was administered for 2 hours intra- 
venously at 8 ug/kg/minute in the burn patients and at 5 
ug/kg/minute in the healthy volunteers. These amounts 


TABLE 2. Hemodynamic Alterations for Both Patient Groups and Their Response to Propranolol 


Controls 
Hemodynamics Basal 
Heart rate (beats/min) She? 
Mean arterial pressure (mmHg) 103 + 6 
Leg blood flows (mL/min) 3.32:0:5 
Leg vascular resistance 
(torr/mL/min) 32.4 + 4.5 


Cardiac index (L/min/m?) 
(normal range, 2.4-4.8) 


Mean — SEM. 
Leg measurements standardized for 100-mL leg volume. 


Burn Patients 


Propranolol Basal Propranoloi 
47+ It 134 + 4* 101 + 4f 
100 + 3 91+3 82 +2 
3.3 + 0.6 10.9 + 1.6* 8.5 + 1.3+ 
31.7+5.9 8.4 + 1.1* 97+ 1.17 
6.3+0.3 5.0 + O.1F 


* p < 0.05 compared: to basal controls (Student’s independent t test). 
+ p < 0.05 compared to group basal (Student’s paired t test). 
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had been determined previously to reduce heart rate by 
approximately 20% for each group by completion of the 
infusion. After 2 hours of propranolol infusion, measure- 
ments of cardiac output, leg blood flow, indirect calorim- 
etry, and blood sampling were repeated. Blood samples 
were analyzed for concentrations of glucose and lactate 
(Beckman Instruments Auto Analyzer, Fullerton, CA). 
Plasma catecholamine levels were quantitated by 
radioimmunoassays at an independent laboratory 
(SmithKline Beecham Clinical Laboratories, Van Nuys, 
CA). In the burn patients, urine was collected from an 
indwelling Foley catheter. All voided urine was collected 
from the volunteers. Total urinary nitrogen was deter- 
mined with an Erba nitrogen analyzer (Carlo Erba In- 
strumentation, Rodono, Italy). 


Calculations 


Extremity vascular resistance was derived from leg 
blood flow and pressure measurements. Blood flow was 
standardized for 100-mL leg volume. 

LVR = 80 (MAP—-MVP) LBF 

Where: LVR = leg vascular resistance (dynes sec/cm? 
m? 100 mL) 

MAP, MVP = mean arterial, venous pressures (mmHg) 

LBF = leg blood flow (L/minute 100 mL) 


Net balance for lactate and glucose was also standard- 
ized for leg volume. 

NB = LBF ({[ART]—[VEN]) 

Where: NB = net balance (mmol/L/minute 100 mL) 

LBF = leg blood flow (L/minute 100 mL) 

[ART] [VEN] = arterial, venous concentrations 
(mmol/L) 

A negative net balance then reflects net release of lactate 
‘or glucose from the limb. 

Student’s independent t test was used for statistical 
comparison between patient groups, while the Student’s 
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paired t test was used to assess variations within each group 
between basal and beta adrenergic blockade. Results were 
presented as mean + SEM and p < 0.05 was accepted as 
significant. 


Results 


Volunteers were well matched for size and age with the 
burn patients and all the subjects studied were male (Table 
1). The burn injury was both extensive (65% + 7% mean 
total burn surface area) and severe (45% + 11% full-thick- 
ness burn). There was, however, a wide range in the extent 
of burn involving the studied leg (range of percentage of 
burned leg: 10% to 98%). Multiple regression analysis 
failed to correlate any relationship between the percentage 
of leg burned to the extremity blood flow or to lactate or 
glucose net balance. Combined early excision of the burn 
wound and the use of available unburned area for donor 
site resulted in the vast majority of the extremity studied 
being an open wound. This resulted in legs with open 
wounds of similar size and appears to have minimized 
any potential differences due to variations in the per- 
centage of leg burned. t°? 

The burn patients were extremely hyperdynamic, as 
demonstrated by basal heart rates greater than 130 and a 
twice-normal elevation in cardiac index. The heightened 
cardiac performance combined with the reduced vascular 
resistance of the leg produced a significant elevation in 
extremity perfusion (Table 2). Propranolol (8 g/kg/min- 
ute, 2-hour intravenous infusion) lowered the heart rate 
by 25% (p < 0.05) and significantly reduced the cardiac 
index (Table 2). Furthermore propranolol altered ex- 
tremity perfusion with an increase in leg vascular resis- 
tance and a decrease in leg blood flow. In contrast, while 
the propranolol infusion (5 ug/kg/minute, 2 hours) in the 
normal volunteers reduced the resting heart rate by 18% 
(p < 0.05), it failed to alter leg blood flow or vascular 


TABLE 3, Alterations in Lactate and Glucose Metabolism for Both Patient Groups and Their Response to Propranolol 


Controls Burned Patients 
Lactate/Glucose 
Metabolism Basal Propranolol Basal Propranolol 
Lactate (mmol/L) 
Arterial 0.80 + 0.04 0.69 + 0.04f 1.79 + 0.28* 1.43 + 0.247 
Venous 0.90 + 0.04 0.78 + 0.057 2.11 + 0.30* 1.78 + 0.28f 
Lactate net balance 
(mmol/min) —0.29 + 0.15 ~—~O.21 + 0.16 —3.92 + 1.58* —3.07 + 0.80 
Glucose (mg/dL) 
Arterial 80 + 2 79 +3 104 + 6* 97 +5 
Venous 719 + 1 78 +2 103 + 5* 9747 
Glucose net balance 
(mg/min) 0.2 + 0.4 1306 0.8 + 1.7 0.1 + 2.2 
Mean + SEM. * p < 0.05 compared to basal controls (Student’s independent t test). 


Net balance measurements standardized for 100-mL leg volume. 


tp < 0.05 compared to group basal (Student’s paired t test). 
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Fic. 2. Relationship of leg blood flow to lactate balance across the leg. 


resistance (Table 2). The disparate dosage of propranolol 
between patient groups did produce similar percentage 
reductions in heart rate. Continuous telemetry during the 
propranolol infusion did not identify any cardiac ar- 
rhythmias other than sinus bradycardia in the healthy 
volunteers. 

Both arterial and venous plasma lactate concentrations 
from the burn patients were elevated significantly above 
the lactate levels in the healthy volunteers (Table 3). 
Plasma samples obtained after the propranolol infusion 
demonstrated a significant reduction in lactate levels for 
both arterial and venous samples and in both groups. Also 
the net release of lactate from the leg was significantly 
greater from the burned extremities compared to the nor- 
mal legs. Beta adrenergic blockade resulted in only an 
insignificant decrease in the negative net balance of lactate 
from the leg for both burned patients and controls (Table 
2). Furthermore the increase in extremity blood flow cor- 
related with an increasing arterial, venous concentration 
gradient for lactate across the leg (p < 0.001) (Fig. 2). This 
correlation was valid for both the burn patients and the 
normal controls and during basal and propranolol ther- 
apy. Common with severe burns, plasma glucose concen- 
trations were greater in the burn patients'’; however pro- 
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pranolol had no significant effect on plasma glucose con- 
centrations or on the net balance of glucose across the leg 


' (Table 3). This suggests that the alterations in lactate with 


beta adrenergic blockade are not a consequence of changes 
in glucose homeostasis. 

The fasting burn patients were hypermetabolic when 
studied 2 weeks after injury, with resting energy expen- 
ditures nearly 40% greater than predicted for normals by 
the Harris Benedict formula (p < 0.05). These patients 
also had significantly greater urinary nitrogen loss than 
the controls (Table 4). Neither of these parameters in ei- 
ther burn patients or volunteers changed with the beta 
adrenergic blockade. Indirect calorimetry demonstrated 
higher oxygen consumption for the burn patients while 
the fasting respiratory quotient was similar for both the 
burn and control subjects. Propranolol had no effect on 
the oxygen consumption or the respiratory quotient (Table 
4). Plasma levels of epinephrine and norepinephrine in 
the burn patients were more than double both the normal 
range and the control group (p < 0.05). The plasma con- 
centration of norepinephrine was not effected by pro- 
pranolol in either group. While there was an insignificant 
increase for the volunteers, propranolol significantly in- 
creased the epinephrine levels for the burn patients (Ta- 
ble 5). 


Discussion 


Burn injury results in increased levels of catechol- 
amines, which then are partially responsible for the 
tachycardia and increased cardiac index observed after 
burns.! This experiment demonstrated that leg blood flow 
also was increased after burns and is due not only to an 
accelerated cardiac performance but also to the dimin- 
ished vascular resistance from beta adrenergic vasodila- 
tation. Beta adrenergic blockade blunted the postburn 
hyperdynamics with significant reductions in cardiac in- 
dex with a concomitant increase in vascular resistance. 


TABLE 4. Measurements of Energy Expenditure and Urinary Nitrogen for Both Patient Groups and Their Response to Propranolol 


Controls 
Metabolic Rate Basal 


Resting energy expendiure 


REE/m? 866 + 35 
% REE/predicted REE} 0.91 + 0.04 
Oxygen consumption 

(mL/kg min) 3.32 + 0.16 
Respiratory quotient 0.82 + 0.01 
Urinary nitrogen (g/d) 9.5 + 2.6 


No. days study after burn 


Mean + SEM 
* p < 0.05 compared to basal controls. 
tp = 0.05. 


Burn Patients 


Propanolol Basal Propranolol 
932 + 28 1289 + 137* 1278 + 95 
1.03 + 0.02 1.39 + 0.16* 1.38 + 0.12 
3.48 + 0.28 4.96 + 0.61F 5.10 + 0.59 
0.81 + 0.01 0.80 + 0.01 0.79 + 0.02 
9.9 + 32 33.14 1.0* DIOE 
ise 


+ Predicted REE calculated from Harris—Benedict equation. 
REE, resting energy expenditure. 
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TABLE 5. Catecholamine Levels for Both Patient Groups and Their Response to Propranolol 
Controls Burn Patients 

Catecholamine Levels Basal Propranolol Basal Propranolol 
Norepinephrine (pg/mL) 

(normal range, 110-410) 302 + 21 280 + 54 1009 + 145* 814 + 152 
Epinephrine (pg/mL) 

(normal range < 50) 61+ 3! 76 + 16 133 £ 177 207 + 4f 
Mean + SEM. Tt p < 0.05 compared to group basal. 


* p < 0.05 compared to basal controls. 


These alterations in hemodynamics resulted in a dimin- 
ished leg blood flow, yet despite this reduction in extremity 
perfusion, urinary nitrogen excretion and the net balance 
of lactate from the leg were not affected by the beta ad- 
renergic blockade. 

By reducing extremity perfusion, beta blockade even- 
tually may increase catabolism. While urinary nitrogen 
excretion was not acutely affected in this study, a pro- 
longed reduction in peripheral perfusion with repeated 
administration of propranolol may explain the increase 
in urea production seen with chronic beta blockade re- 
ported by Herndon et al. We suggest that propranolol 
reduces peripheral perfusion during stress physiology by 
a combination of reducing cardiac index and by increasing 
vascular resistance. This corroborates a Scandinavian 
study in which intra-arterial infusion of adrenaline into 
the femoral artery of healthy volunteers doubled extremity 
blood flow via a decrease in leg vascular resistance.® Beta 
blockade before the adrenaline infusion obviated any 
change in leg vascular resistance or blood flow. These 
studies suggest that the elevation in catecholamines ob- 
served after injury mediates peripheral vasodilatation, 
which augments extremity perfusion. This selective in- 
crease in epinephrine levels with beta adrenergic blockade 
previously was reported for healthy controls by an un- 
determined mechanism.’ In contrast Aulick et al.'° dem- 
onstrated with venous plethysmography that blood flow 
in the unburned leg of otherwise severely burned patients 
was similar to normal controls. Assuming that the sys- 
temic catecholamines were effecting equally the vascular 
resistance of both the burned and unburned extremities, 
then the presence of the wound appears to be essential 
for the catecholamine-mediated decrease in leg vascular 
resistance. Because the patients in this study had open leg 
wounds of similar magnitude, the importance of the 
wound in determining leg blood flow and the sensitivity 
of the vasculature to catecholamines cannot be addressed. 

This experiment also addresses the effects of the post- 
burn hyperdynamic hypermetabolism on lactate kinetics. 
If it is assumed that increases in lactate production are 
related to the acceleration of anaerobic glycolysis after 
thermal injury, then a decrease in peripheral perfusion 


will increase lactate production. Because this study dem- 
onstrated the opposite, i.e., that increased extremity blood 
flow is related to an increased net release of lactate from 
the leg, the supposition that lactate production is related 
inversely to the availability of oxygen for continued aero- 
bic glycolysis appears unlikely. Also, while beta blockade 
significantly reduced cardiac index and plasma lactate in 
this study, whole-body oxygen consumption remained 
unchanged. This correlates with the findings of Wilmore 
et al.,? who observed that leg blood flow and lactate pro- 
duction correlated with the extent of the leg wound but 
was not associated with any changes in limb oxygen con- 
sumption. It is plausible, though, that a stimulated rate 
of glycolysis results in excess pyruvate production (as 
shown by Wolfe, et al.!*) in quantities greater than can 
be consumed by the pyruvate dehydrogenase (PDH) en- 
zyme complex. As a consequence excess pyruvate is 
shunted to lactate resulting in higher plasma lactate con- 
centrations. Elevations in the rate of glycolysis after burns 
have been well documented with the result that pyruvate 
production is accelerated. '*!° Furthermore recent animal 
studies have identified alterations in the PDH enzyme 
complex during bacteremia resulting in a decrease in py- . 
ruvate oxidation. !®!" If the efficiency of this enzyme com- 
plex also is decreased after burns, additional shunting of 
pyruvate to lactate would occur. 

In this study beta blockade significantly lowered the 
plasma lactate concentrations both in healthy men and 
in postburn patients. Wolfe et al.! demonstrated that the 
glycolytic-gluconeogenic cycling was not altered by pro- 
pranolol in burn patients and implied that beta blockade 
does not lower lactate levels by decreasing the production 
of pyruvate. However that same study did show that the 
accelerated rate of lipolysis after thermal injury was re- 
duced significantly by propranolol. Kaiser et al.'® sug- 
gested that accelerated fat oxidation results in increased 
production of acetyl CoA and citrate. Accumulation of 
acetyl CoA then may retard pyruvate oxidation by inhib- 
iting PDH. Propranolol thus appears to decrease the per- 
centage of acetyl CoA formed by fat oxidation and results 
in increased pyruvate oxidation. Therefore beta blockade 
may diminish lactate production by inhibiting lipolysis. 
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This experiment, however, did not identify a significant 
increase in the respiratory quotient with propranolol ad- 
ministration coincident with the decrease in lactate. This 
lack of effect on respiratory quotient, despite the inhibition 
of lipolysis, can be explained by noting that the increased 
triglyceride, fatty acid cycling in burn patients results in 
a great excess of lipolysis relative to the concentration of 
fatty acids required for oxidation. Even in healthy vol- 
unteers, 70% of the free fatty acids generated by lipolysis 
are re-esterified.'”? As a consequence lipolysis can be sig- 
nificantly reduced without greatly affecting the respiratory 
quotient and reiterates that glucose availability, and not 
the availability of fatty acid, is the predominant deter- 
minant of the respiratory quotient. 

The clinical significance of this study demonstrates that 
propranolol can blunt the cardiac and peripheral vascular 
response associated with postburn hypermetabolism. 
These reductions in cardiac performance and peripheral 
perfusion correlated with reduced lactate production and 
lower blood lactate concentrations. If these effects can be 
sustained without adverse consequences on energy ex- 
penditure or protein metabolism, beta adrenergic blockade 
may indeed warrant a clinical application in treating se- 
verely burned patients. 
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compared to patients with wounds partially unexcised at a 2-week post- 
injury period. 

Second at 2 weeks after injury, a 65% total body surface area burn is 
well into a period of septic complications and influences. What was the 
condition of these burn patients regarding sepsis at the time of study? 

And, third, if the amount of lactate production is truly dependent on 
the burn wound size, in artificially reducing its production by pharma- 
cologic manipulation, might you be shutting off the only metabolic means 
by which the injured tissue can survive? 


Dr. BASIL PRUITT (San Antonio, Texas): I would like to compliment 
Dr. Gore and his colleagues on this study, which extends their earlier 
observations on the hemodynamic and metabolic response of burn pa- 
tients to beta adrenergic blockade. 

Although the authors found that propanolol infusion exerted no sta- 
tistically significant effect on net glucose balance in the limbs studied, it 
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should be noted that in their table net balance decreased by a factor of 
eight, that is, from 0.8 to 0.1. I wonder whether the lack of statistical 
significance is a type two error due to the small number of patients 
studied. l 

The lack of effect of propanolol and the net talance of glucose across 
the leg is somewhat puzzling because one might anticipate that propanolol 
would counteract epinephrine inhibition of insulin secretion and increase 
glucose uptake. 

The fact that epinephrine increased significantly in the propanolol- 
treated patients may have prevented that anticipated effect of propanolol. 

And it would be interesting to know whether the circulating insulin 
levels varied in the anticipated manner. l 

The authors hypothesize that the excess lactate produced in the burned 
limb results from shunting of an excess of pyruvate that exceeds the 
capacity of pyruvate dehydrogenase activity and that that relative enzyme 
deficiency can be exaggerated by bacteremia. 

In light of that, I ask Dr. Gore whether he measured pyruvate dehy- 
drogenase activity in any of the limbs that were studied and whether 
any of the patients had bacteremia. 

Alternatively the authors consider the possibility that beta blockade 
diminishes lactate production by inhibiting lypolysis. That possibility 
would be supported if data are available documenting that propanolol 
administration was associated with a decrease in plasma-free fatty acids. 

A methodologic concern exists as well. Because oxygen consumption 
and respiratory quotient were not influenced by the propanolol dosage 
used, one might ask whether adequacy of the beta adrenergic blockade 
was assessed by confirming a failure of heart rate to increase and serum- 
free fatty acids to increase after an intravenous isoproterenol challenge. 

As is often the case, a perturbation of the postinjury physiologic milieu 
that benefits one system may have untoward effects on others. As Dr. 
Gore noted, in an earlier study of patients who received propanolol in- 
fusions for 5 days, this group found that urea production increased, 
suggesting that a greater erosion of lean body mass occurred with such 
therapy, and that might only serve to prolong convalescence. I also wonder 
whether the observed changes in limb blood flow and metabolism would 
delay the healing of wounds on the limbs. 

On the basis of their findings, the authors suggest that hormonal ma- 
nipulation can be used to reduce metabolic stress and cardiac work in 
burn patients. And that is a most attractive potential means to simplify 
metabolic support of hypermetabolic burn patients in general and reduce 
cardiac stress in burn patients with limited cardiac reserve in particular, 


Dr. DONALD GANN (Baltimore, Maryland): I would like to ask the 
authors two questions that do not carry with it the philosophic significance 
of those of the other discusssants, but I am a little confused by some of 
the physiology. 

First they report that after beta blockade there is increased epinephrine. 
I can understand that because decrease in cardiac force and in heart rate 
would be expected to result in stimulation of the baroceptor reflex and 
increased epinephrine production. But they note a decrease in norepi- 
nephrine and that flies in the face of what little we know about cate- 
cholamine physiology. I was wondering just how they might explain 
that, unless perhaps the plasma levels do not reflect what is going on in 
the adrenal medulla or the nerve endings, in which case the whole question 
of what the study means is raised. 


GORE AND OTHERS 


Ann. Surg. «June 1991 


The other issue has to do with the finding of decreased lactate pro- 
duction. It seems to me that when you have a decrease in blood flow, 
you clearly have a decrease in lactate appearance. But to infer a decrease 
in production in the face of decreased flow, you must show that the 
decreased appearance was out of proportion to what you might expect 
as the product of the flow and the constant production rate. I did not 
hear that in the presentation. 


Dr. DENNIS GORE (Closing discussion): I will address Dr. Ward’s 
comments first. The general notion of giving beta blockers to burn patients 
is related to their accelerated hyperdynamic state. 

This is most detrimental to the elderly patients in whom cardiac reserve 
is somewhat limited. So we would, in theory, be more likely to give these 
beta blockers to those patients who could not tolerate the accelerated 
heart rate, and so forth. Those patients are prone to cardiac decompen- 
sation and beta blockade may be most useful in that subset of patients. 

He also commented on the correlation of blood flow and metabolic 
response to the percentage of leg burn. As was well shown by Dr. Wilmore 
more than 10 years ago, the percentage of leg burn correlates with an 
increase in leg blood flow. Our study did not show this association because 
most of our patients were severely burned and we used all available skin 
for donor site. So we created an open wound on the leg that was rather 
proportional in each patient. And that is probably why we did not see 
any changes in blood flows because we had proportionately similar open 
wounds. 

None of these patients were septic or bacteremic. There were no febrile 
responses during the study, and blood cultures around this period of 
study were negative for identifying organisms. 

Dr. Ward also asked about the efficiency of using beta blockade in 
that it may supply the energy substrates to the wound since the total 
body energy expenditure was about the same, with and without Pro- 
pranolol. It may be that beta blockade is not decreasing the energy sub- 
strate delivery but just altering substrate oxidation so the efficiency of 
pyruvate oxidation is increased. 

Dr. Pruitt asked whether we measured pyruvate dehydrogenase enzyme 
activity. We did not. It would have been an excellent additive measure- 
ment. We also unfortunately did not measure free fatty acid levels. 

Dr. Pruitt also asked about the increased urea production noted with 
beta blockade as reported in a previous study from the Galveston Shriners’ 
Hospital—that was a chronic study in which we gave beta blockers during 
a minimum period of 5 days and then measured urea production and 
cardiac performance. We showed that urea production was elevated in 
the patients receiving beta blockade. In this acute study we were not able 
to demonstrate an increased urinary nitrogen loss with the beta blockade. 
We showed that blood flow to the leg was reduced with beta blockade. 
Intuitively, one can suggest that if you have a prolonged decrease in 
blood flow to an extremity, over time this may result in increased muscle 
catabolism. 

Finally Dr. Gann asked about the change in epinephrine levels. The 
increase in epinephrine with beta blockade is a documented phenomenon, 
however I and others have been unable to offer an explanation. 

Dr. Gann also asked if the alterations in leg blood flow were considered 
in calculating lactate production. Blood flow was used in determining 
the substrate net balances in this study. 
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Death and the incidence of pneumonia are significantly increased 
in burn patients with inhalation injury, despite application of 
conventional ventilatory support techniques. The effect of high- 
frequency percussive ventilation on mortality rate, incidence of 
pulmonary infection, and barotrauma were studied in 54 burn 
patients with documented inhalation injury admitted between 
March 1987 and September 1990 as compared to an historic 
cohort treated between 1980 and 1984. AI! patients satisfied 
clinical criteria for mechanical ventilation. High-frequency per- 
cussive ventilation was initiated within 24 hours of intubation. 
The patients’ mean age and burn size were 32.2 years and 47.8%, 
respectively (ranges, 15 to 88 years; 0% to 90%). The mean 
number of ventilator days was 15.3 + 16.7 (range, I to 150 days), 
with 26% of patients ventilated for more than 2 weeks. Fourteen 
patients (25.9%) developed pneumonia compared to an historic 
frequency of 45.8% (p < 0.005). Mortality rate was 18.5% (10 
patients) with an expected historic number of deaths. of 23 (95% 
confidence limits of 17 to 28 deaths). The documented improve- 
ment in survival rate and decrease in the incidence of pneumonia 
in patients treated with prophylactic high-frequency ventilation 
(HEV), as compared to a cohort of patients treated in the 7 years 
before the trial, indicates the importance of small airway patency 
in the pathogenesis of inhalation injury sequelae and supports 
further use and evaluation of HFV. 


, URING THE PAST three decades, improvements 
J>) in burn wound management, infection control, 
and metabolic support increased the survival of 
thermally injured patients. Inhalation injury, however, 
continues to be a significant comorbid factor in such pa- 


tients, and its treatment has been improved little by the 
use of conventional means of pulmonary support. Bac- 
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terial pneumonia, which historically occurred in 38% of 
all patients with inhalation injury but in only 8% of those 
without such injury, continues to be the leading cause of 
morbidity and death. The combination of inhalation in- 
jury and pneumonia exert independent but additive effects 
on the age-related death attributable to burn size.’ 

Current treatment for inhalation injury is supportive 
and includes aggressive pulmonary toilet, mechanical 
ventilatory support when indicated, and aggressive treat- 
ment of pneumonia when.diagnosed. In an ovine model, 
we showed that the major insult after smoke injury (as 
indexed by early postinjury ventilation/perfusion (VA/Q) 
mismatching and histopathologic findings) is the obstruc- 
tion and collapse of small airways leading to distal atel- 
ectasis and subsequent pneumonia.” Experimental and 
clinical data suggest that high-frequency ventilation (HFV) 
may be beneficial in recruiting and stabilizing such col- 
lapsed diseased lung segments.*'* In addition some in- 
vestigators reported improved clearance of secretions from 
the tracheobronchial tree with the use of HFV.'? These 
observations support the hypothesis that HFV, by pre- 
venting alveolar collapse and improving secretion clear- 
ance, may be beneficial in patients with inhalation injury. 
_ We previously reported a small cohort of 10 patients 
with inhalation injury requiring mechanical ventilatory 
support in whom the prophylactic use of high-frequency 
percussive ventilation (HFPV) appeared to reduce the in- 
cidence of pneumonia.'* This report extends our obser- 
vations to 54 patients in whom HFPV was used in a pro- 
phylactic manner in an attempt to decrease the incidence 
of pneumonia and improve survival rate. 
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Methods 
Patient Population 


All adult patients admitted to the United States Army 
Institute of Surgical Research between March 1987 and 
September 1990 with a diagnosis of inhalation injury were 
eligible for enrollment in this study. Inhalation injury was 
confirmed in each patient by bronchoscopy and/or!” Xe- 
non ventilation—perfusion lung scan. The presence of car- 
bonaceous debris beneath the true vocal cords, mucosal 
erythema, and ulceration were used to define moderate 
to severe inhalation injury. Patients with a positive!” Xe- 
non scan and negative bronchoscopy were determined to 
have mild inhalation injury. These criteria were estab- 
lished in our earlier review.’ After meeting the entrance 
requirements listed in Table 1 and meeting the require- 
ments for intubation and mechanical ventilatory support 
listed in Table 2, informed consent was obtained from 
each patient and HFPV initiated for pneumonia prophy- 
laxis. 


High-frequency Percussive Ventilation 


Description of the high frequency percussive ventilator 
used in this study has been published.'* Briefly, HFPV 
was delivered by a high-frequency pulse generator with 
gas from the high-frequency pulse generator delivered 
through a nongated sliding venturi to a standard endo- 
tracheal tube. The venturi entrains humidified gas from 
a fresh bias gas flow provided from the ventilator. The 
system combines serial high-frequency sub-dead space 
volume breaths with a variable inspiratory:expiratory (I: 
E) ratio. Periodic interruption of the high-frequency pul- 
satile flow is programmed to allow return of airway pres- 
sure to baseline continuous positive airway pressure 
(CPAP). The duration of the percussive phase and of the 
return to baseline phase are adjusted to manipulate ox- 
ygenation and CO, elimination. Peak airway pressure also 
can be varied independently to maintain CO), clearance. 
The frequency of sub-dead space breaths can range be- 
tween 1.5 and 15 hertz. FIO, and PEEP are adjusted to 
maintain O, saturation greater than 90%. 

All patients were placed initially on a conventional me- 
chanical ventilator. In those patients intubated elsewhere, 
such support was of less than 24 hours duration, and all 
patients were converted to HFPV within | hour of ad- 
mission. The patients intubated at our institution received 
conventional ventilation during admission processing but 


TABLE 1. Study Entrance Criteria 


Inhalation injury documented by bronchoscopy or Xenon lung scan 
Clinical requirement for ventilatory support 

Admission within 48 hours of injury 

Older than 15 years 
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TABLE 2. Requirements for Mechanical Ventilatory Support 


. Respiratory rate > 35/min 

. Vital capacity < 15 mL/kg 

. Inspiratory force < 25 cm H20 

. PCO, > 50 mmHg 

. Vd/Vt > 0.6 

. Upper airway edema 

. PCO, < 50 mmHg but progressively increasing 
. Increased work of breathing 
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were converted to HFPV within | hour. After placing the 
patient on HFPYV, standard ventilator settings were used 
as a baseline and then altered as indicated by arterial blood 
gas determinations, pulse oximetry, and end tidal CO, 
monitoring. The duration of the percussive phase was set 
at 2 seconds, with a rate of return to baseline approxi- 
mately 2 less than the intermittant mandatory ventilation 
(IMV) setting required to maintain normal acid-base bal- 
ance on conventional mechanical ventilation. Peak airway 
pressures were set at 5 cm H2O less than those developed 
when a conventional volume-limited ventilator was set 
to deliver a tidal volume of 12 to 15 mL/kg. The FIO, 
and PEEP were maintained initially at the same levels as 
on conventional mechanical ventilation. The frequency 
of the sub-dead space tidal breaths was initially set at 10 
hertz. After stabilization for approximately 30 minutes, 
arterial blood gas measurements were obtained and ad- 
justments made as indicated. The goal of ventilator ther- 
apy was to maintain oxygenation and ventilation at the 
lowest possible peak airway pressure and fractional in- 
spired oxygen concentration. Patients were weaned and 
extubated according to standard criteria. 


Diagnosis of Pneumonia 


The diagnosis of pneumonia was based on standard 
criteria used in this institution for the past decade. Patients 
with sputum leukocytosis (more than 25 white blood cells 
per high-power field), lack of oropharyngeal contamina- 
tion (less than 10 squamous cells per high-power field), a 
predominant organism on culture, and an infiltrate on 
chest roentgenograms were diagnosed as having pneu- 
monia. 


Data Analysis 


The incidence of pneumonia and death in the study 
patients was compared with predicted values based on 
two previous studies. The first predictor used relates burn 
size and age to death for all patients admitted to the In- 
stitute of Surgical Research between January 1980 and 
December 1986. The second predictor used as a basis for 
comparison relates burn size, age, the presence of inha- 
lation injury and the occurrence of pneumonia to death 
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TABLE 3. Burn Mortality Predictors 


Y 

: e 
Predicted Mortality (PM) = ———; 
edicted Mortality (PM) eer 


I. Logistic equation relating burn size and age to mortality: 
1980-1986 


Y = —4,8216 + 0.10299 (PCTB) — 0.18879 (Age) 
+ 0.50873 (Age?/100) — 0.27915 (Age?/10,000) 


I. Logistic equation relating burn size, age, inhalation 
injury, and pneumonia to mortality: 1980-1984 


Y = —3.4953 + 0.09589 (PCTB) — 0.1988 (Age) 
+ 0.4478 (Age?/100) — 0.20314 (Age*/10,000) 
+ 0.59056 (II) + 0.92530 (PNeu) 


PCTB, percentage of total body surface burned. 
I] = ~J,.0ifinhalation injury absent; +1.0 ifinhalation injury present. 
PNEU, —1.0 if pneumonia absent; +1.0 if pneumonia present. 


in patients admitted between 1980 and 1984. The inci- 
dence of pneumonia in this latter patient population also 
was used for comparison purposes. Solution of the logistic 
equations listed in Table 3 provide the exponents for use 
in calculating the two values for predicted death. 


Results 
Patient Population 


Fifty-four patients meeting the entrance criteria were 
enrolled in the study. Routine demographic data are in- 
cluded in Table 4. Ten patients died, for a mortality rate 
of 18.5%. The distribution of patients by burn size dem- 
onstrates that 50% of the patients had burns ranging be- 
tween 30% and 60% of the body surface, which is the 
group of patients in whom inhalation injury has been 
reportec to have its greatest impact on death (Fig. 1). Seg- 
regation of the patients by outcome revealed the expected 
differences between the two groups (Table 5); nonsurvivors 
were older and had larger burns and a greater incidence 
of pneumonia. Fifty-two of the fifty-four patients were 
diagnosed as having inhalation injury by bronchoscopy. 
The two patients with negative bronchoscopy but positive 
‘3X enon scans developed severe adult respiratory distress 
syndrome (ARDS) in the first postburn week, necessitating 
mechanical ventilatory support. 


TABLE 4. Demographic Data 


Age 32.2 + 1.8 (15-88)* 
TBSB 47.8 + 3.1 (0-90) 
Sex 40 male, 14 female 


Days on ventilator 15.3 + 2.2 (1-150) 


Bronchoscopy positive 96.3% 
Incidence of pneumonia 25.9% : 
Mortality 10/54 (18.5%) 


* X + SEM (range). 
TBSB, total body surface burn. 
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NUMBER OF PATIENTS 





PERCENTAGE OF BODY SURFACE AREA BURNED 


Fic. 1. Distribution of burn size for the 54 patients in the study. Of note 
is that 50% of the patient burn sizes are between 30% to 60% of the body 
surface area, which is the group of patients in whom inhalation injury 
exerts its greatest influence on mortality. Survivors are reported by the 
crossed bars, and nonsurvivors by the crosshatched bars. 


Historically 45.8% of patients with positive bronchos- 
copy and 19.5% of patients with negative bronchoscopy 
but a positive Xenon lung scan developed pneumonia. 
Based on that experience, 25 of the study patients would 
have been expected to develop pneumonia during hos- 
pitalization. Pneumonia was diagnosed in only 14 (26%) 
of the patients in this study, an incidence differing sig- 
nificantly from that of the comparison cohort (p < 0.003). 


Actual Versus Predicted Death 


Ten deaths occurred in this group of patients, for an 
observed mortality rate of 18.5%. To determine whether 
HFPV influenced outcome in this group of patients, we 
compared this observed mortality rate with two mortality 
predictions generated from patient data from this insti- 
tution, as noted above. The first, based on burn size and 
age, related death in all patients admitted to this institution 
between January 1980 and December 1986, predicts the 
deaths of 19 patients (35%) in the study population, with 
a 95% confidence interval of 13 to 25 deaths. The second, 
based on burn size and age, related death in conjunction 
with the additive effects of inhalation injury and pneu- 
monia and generated from patient data between January 
1980 and December 1984, predicts 23 deaths (42.6%) with 


TABLE 5. Comparison of Survivors and Nonsurvivors 


Survivors Nonsurvivors 
Age (years) 29.6 + 1.5* 43.3 + 6.5 p< 0.05 
TBSB 43.7 + 3.2 65.3 + 7.1 p<O0.0! 
Incidence of pneumonia 20.5% 50% p<0.05 


* Mean + SEM. 
TBSB, total body surface burn. 
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a 95% confidence interval of 17 to 28 deaths. Thus the 
mortality rate in this cohort of patients was significantly 
less than that predicted by either technique (p < 0.05) 
(Table 6). 

The causes of death in those patients who died are listed 
in Table 7. Of the 10 deaths, four were from pulmonary 
failure. One patient could not be ventilated and oxygen- 
ated and was changed to conventional ventilatory support 
with the same result. Three patients developed progressive 
pulmonary failure and died on postburn days 12, 43, and 
50, respectively. Of the remaining 6 patients, 2 were re- 
suscitation failures who died with severe inhalation injury, 
| patient extubated himself on postburn day 7 and died 
of cardiopulmonary arrest despite an emergency trache- 
ostomy, and 1 patient was removed from the study by his 
attending surgeon. Two patients died from cerebrovas- 
cular accidents after they were extubated for 30 and 45 
days, respectively. 

Ventilator complications were rare. Two patients de- 
veloped severe necrotizing tracheobronchitis. It could not 
be determined whether this was secondary to the ventilator 
or the disease process itself. Barotrauma occurred in three 
patients. Two developed significant subcutaneous em- 
physema and one patient developed bilateral pneumo- 
thoraces requiring tube thoracostomies. 


Discussion 


The combination of cutaneous thermal injury and in- 
halation injury results in a significantly higher mortality 
rate than that attributable to cutaneous thermal injury 
alone. This additive effect of inhalation injury on death 
is most apparent in patients in whom predicted mortality 
attributable to age and burn size ranges from 40% to 60%. 
Inhalation injury also results in a marked increase in the 
incidence of bacterial pneumonia. As previously stated, 
only 8.8% of patients with thermal injury but without 
inhalation injury develop pneumonia during their course 
of treatment. The presence of inhalation injury, whether 
diagnosed by bronchoscopy or '**Xenon scan, historically 
resulted in a 38% incidence of pneumonia, and the com- 
bination of inhalation injury and pneumonia has an even 
more drastic effect on outcome, increasing the mortality 
rate by as much as 60%.’ 


TABLE 6. Actual Versus Predicted Outcome 


Predictor Predicted Deaths 95% CL Observed 
#1 (1980-1986) 19 13-25 10 
#2 (1980-1984)* 23 17-28 10 


* This predictor includes the impact that inhalation injury and pneu- 
monia have on outcome. 
CL, confidence level. 
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TABLE 7. Cause of Death 


TBSB Age 
(%) (years) PBD Cause of Death 

Resuscitation fatlure 

Resuscitation failure 

Accidental extubation 

Removed from study 

SBE, CVA, 30 days after extubation 

CVA, 45 days following extubation 

Pulmonary failure 

Pneumonia (Staph. aureus), pulmonary failure 

Unable to ventilate 

Pneumonia, Aspergillus wound infection 


9 32 01 
8 8625 0 
59 40 07 
36 59 40 
47 29 50 
65 60 80 
39-2512 
30 88 43 
64 49 0l 
86° 29 50 


TBSB, total body surface burn; PBD, postburn day. 


Ideally the optimal treatment of any disease should re- 
verse the pathophysiologic process without causing further 
injury. When inhalation injury is severe enough to require 
conventional mechanical ventilatory support, such an 
outcome is not achieved. The pathophysiologic response 
to inhalation injury includes extensive tracheobronchial 
injury, which results in sloughing of the mucosal lining 
of the respiratory tract and leads to obstruction of small- 
and moderate-sized airways. In addition, the mucociliary 
transport mechanism is impaired, resulting in impaired 
clearance of secretions and the sloughed debris. Distal 
airway obstruction results in atelectasis and, in conjunc- 
tion with the disruption of the endothelial and epithelial 
integrity of the alveolus, produces foci for the development 
of bacterial overgrowth and subsequent pneumonia. The 
combination of atelectasis, pneumonia, and airway ob- 
struction produces significant derangement of ventilation- 
perfusion relationships. 

Conventional mechanical ventilatory support does not 
reverse these processes, is not characterized by improved 
clearance of secretions, and may actually compound the 
existing injury.'> Conventional volume-limited ventilation 
in patients with inhalation injury normally ts instituted 
at a tidal volume of 12 to 15 mL/kg. With such a venti- 
latory setting, peak inspiratory pressures often are elevated 
during the resuscitative and fluid mobilization phase of 
care. Recently Tsuno!® reported adverse pulmonary éffects 
of volume-limited mechanical ventilation when peak in- 
spiratory pressures exceed 30 cm of water in paralyzed, 
anesthetized healthy sheep. Animals ventilated with an 
FIO, of 40% and a tidal volume of 10 mL/kg, with peak 
inspiratory pressure less than 18 cm of water, showed no 
measurable deleterious changes in lung function or his- 
topathology after 48 hours of support. Animals ventilated 
with larger tidal volumes, resulting in peak inspiratory 
pressures greater than 30 cm H:O, demonstrated pro- 
gressive deterioration in static lung compliance, functional 
residual capacity, and arterial blood gases. Severe pul- 
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monary atelectasis, increased wet lung weight, and an in- 
crease in the minimum surface tension of saline lung la- 
vage fluid were noted at autopsy. These data indicate that 
even in normal healthy lungs, prolonged elevation of in- 
spiratory pressures may result in injury. 

If pneumonia develops after resuscitation, the require- 
ment for increased inspired oxygen concentrations to 
achieve normoxia may result in increased pulmonary 
damage when infection is present. Coalson et al.'’ recently 
reported a synergistic effect of hyperoxia and infection 
resulting in significant pulmonary dysfunction and dam- 
age. In a primate model, the combination of 80% O; and 
Pseudomonas pneumonia was as injurious as 100% ox- 
ygen during an 1 1-day period, while 80% O; or pneumonia 
alone resulted in minimal dysfunction. 

The reported beneficial effects of HFV (ventilator fre- 
quency greater than 60 breaths/minute and tidal volumes 
of less than anatomic dead space) include lower peak air- 
way pressures than those generated by conventional ven- 
tilation, positive endotracheal pressure throughout the 
ventilatory cycle, increased functional reserve capacity, 
and more efficient pulmonary gas distribution.'® Unfor- 
tunately each of the advantages claimed for specific high- 
frequency ventilators has been refuted in various re- 
ports.”!°'? If however, a form of HFV could achieve some 
of these advantages and maintain oxygenation and CO, 
clearance at lower inspiratory pressures and fractional in- 
spired concentrations of oxygen, it might be possible to 
provide ventilatory support and avoid the deleterious side 
effects of conventional support. 

In evaluating clinical reports of HFV, the physician 
must recognize that there are several types of high-fre- 
quency ventilators, all with different characteristics and 
different potentially adverse effects. Furthermore one must 
differentiate between prophylactic use of the ventilator, 
as in this study, and therapeutic or salvage use of the high- 
frequency device for patients in whom conventional me- 
chanical ventilatory support has failed. Many reports 
documented the effectiveness of short-term salvage use of 
HFV in patients with ARDS.’* Our own previously re- 
ported experience demonstrated that the ventilator used 
in these studies could oxygenate and ventilate patients at 
lower airway pressures and inspired oxygen concentra- 
tions, but all the patients died despite improved pulmo- 
nary performance.'* Other reports also failed to identify 
a survival advantage with the use of HFV as a salvage 
mode of ventilatory support. 

In this study we used HFPV prophylactically in an at- 
tempt to avoid the adverse effects of mechanical venti- 
latory support while reversing or minimizing some of the 
pathophysiologic changes that occur after inhalation in- 
jury. Our data indicate that, as compared to a recent his- 


toric cohort, the use of HFPV resulted in a significant - 
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decrease in the incidence of pneumonia and a decrease 
in the number of deaths. 

There are several problems inherent to the use of his- 
toric controls. The development of more sensitive diag- 
nostic techniques resulting in the diagnosis of less severe 
injury could favorably bias the results of recent studies, 
although the diagnostic modalities and criteria have re- 
mained constant since 1976. It is generally accepted that 
during the past three decades, survival of all patients with 
thermal injury has improved. Even so the effects of in- 
halation injury and pneumonia on outcome have re- 
mained refractory to standard treatment, as indicated by 
the mortality predictor used at this institution. Further- 
more the predictors used in this study introduce some 
bias against finding an improvement in outcome in the 
current study population as compared to the populations 
on which the predictors were based. The predictor that 
account for the effects of both burn size and age as well 
as pneumonia and inhalation injury on death was based 
on all patients with inhalation injury admitted during the 
years 1980 to 1984, regardless of whether they required 
mechanical ventilatory support. The present study pop- 
ulation includes only the sickest patients with the most 
significant injuries, all requiring ventilatory support. 
Demonstration of a survival advantage in this group of 
patients compared to a group that included patients with 
less severe injury supports the hypothesis that HFPV has 
a significant, beneficial effect. In short it seems reasonable 
to assign a major portion of the decrease in incidence of 
pneumonia: and improvement in outcome of the study 
patients to the ventilatory support used. 

Only two other published studies in the literature eval- 
uated the prophylactic use of HFV in patients requiring 
ventilatory support as prophylaxis against ARDS. In 1986 
Carlon!® reported a study of 309 patients who were ran- 
domized to high-frequency jet ventilation or conventional 
ventilatory support. All patients who were admitted to 
the intensive care unit and who were at risk for the de- 
velopment of pulmonary failure were entered into the 
study. The use of high-frequency jet ventilation resulted 
in lower peak airway pressures but did not decrease the 
4% incidence of barotrauma or improve the overall out- 
come as compared to conventional support. In 1990 Hurst 
et al.'? reported a study of 113 patients at risk for the 
development of ARDS who were randomized to receive 
ventilatory support with HFPV or conventional mechan- 
ical ventilation before the onset of ARDS. Changes in 
ventilator settings were made to achieve the same thera- 
peutic endpoints in both groups of patients. There was 
no difference in the percentage of patients who developed 
ARDS in either group. In the patients who developed 
ARDS, HFV achieved therapeutic endpoints at lower peak 
airway pressures, lower positive end expiratory pressures, 
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and an increased inspiratory time as compared to the 
conventional group. There was, however, no difference 
in the incidence of barotrauma or outcome in those pa- 
tients. Both of these studies involved heterogeneous pa- 
tient populations, in which the etiology of respiratory fail- 
ure was diverse, usually a consequence of a systemic insult 
that resulted in diffuse parenchymal disease and dysfunc- 
tion. This type of insult is quite distinct from that seen 
after smoke inhalation in both humans and animal mod- 
els, in which edema resolves rapidly after resuscitation 
and repair of the airway mucosa typically occurs within 
14 to 21 days. 

The exact mechanism by which HFPV achieved the 
results reported in this study is not known. We hypothesize 
that the ability to maintain ventilation and oxygenation 
at lower peak airway pressures and inspired oxygen con- 
centrations may decrease the iatrogenic injury that occurs 
with conventional mechanical ventilatory support. Ex- 
trapolation of the data reported by Tsuno!® to humans 
would indicate that ventilation at lower peak airway pres- 
sures offers significant advantage, especially in lungs that 
have already been injured. In addition several studies now 
suggest that asymmetric high-frequency breaths improve 
clearance of secretions, results that have been obtained 
with high-frequency jet ventilators and high-frequency 
oscillators, both in vitro and in vivo. 27%? Our clinical 
experience supports this finding. Patients with severe in- 
halation injury treated prophylactically with high-fre- 
quency percussive ventilation typically are found, by 
bronchoscopic examination, to have large deposits of se- 
cretions at the tip of the endotracheal tube. After removal 
of these secretions, the main stem bronchi and distal air- 
ways often are patent and free of pathologic secretions. 
The documented improvement in survival and the de- 
crease in the incidence of pneumonia in patients treated 
with prophylactic HFPV, as compared to the recent his- 
toric cohort, indicate the importance of maintaining small 
airway patency in reducing the sequela of inhalation in- 
jury. The beneficial effects reported here and the paucity 
of ventilator complications support continued use and 
further evaluation of HFV in patients with inhalation in- 


jury. 
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with a significant decrease in, one, the incidence of pneumonia and, two, 
the mortality rate when compared, as mentioned, to historical controls 
for inhalational injury from 1980 through 1984 and mortality rate from 
1980 through 1986. 
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As discussed in their paper, this is one of the only studies in which 
high-frequency ventilation has shown a significant decrease in mortality 
rate. It has been my experience and that of the literature that you can 
significantly, but only temporarily, improve blood gas parameters in 
ARDS patients with high-frequency ventilation. It prolongs death rather 
than improving survival. 

The hypothesis proposed by Dr. Cioffi and his colleagues and supported 
by sheep inhalational injury studies in their laboratory is that high-fre- 
quency percussive ventilation improves bronchiopulmonary toilet of the 
small airways, which are plugged with soot and debris, with an increased 
alveolar recruitment and ventilation at lower peak airway pressures when 
high-frequency ventilation is provided early or prophylactically before 
the development of severe ARDS. 

This has not been the case in nonburn septic patients in randomized 
prospective trials. Dr. Cioffi’s study suffers from all of the potential weak- 
nesses of a nonrandomized trial. In comparing inhalational injury and 
the risk of pneumonia, why did the authors compare data from 1980 to 
1984 with 1987 to 1990? 

What happened to the missing 3 years? Were other treatment mo- 
dalities that could influence the development of pneumonia during these 
two time intervals changed, such as the use of H2 blockers versus carafate 
for the prevention of stress ulcers or TPN versus enteral feedings vis-a- 
vis the issue of bacterial translocation, and so on? 

Were the methods of providing pulmonary toilet in the two groups, 
such as the nursing staff and inhalational therapists, unchanged during 
these two time periods? | 

Could prejudice have been inadvertently present in roentgenographic 
interpretation or were so-called blinded radiologists used to describe the 
presence or absence of pulmonary infiltrates? 

Finally, using historical controls, were there any differences in the 
duration of mechanical ventilation versus duration of ventilation with 
high-frequency ventilation present? 

We heard the duration of ventilation for high-frequency ventilation 
but not for the mechanical ventilatory group. 

In 1988 this group reported their first positive experience with high- 
frequency percussive ventilation in 14 patients before the American As- 
sociation for the Surgery of Trauma. Today we have heard more sugges- 
tive data in an additional 40 patients. 

High-frequency ventilation has been a technique in search of docu- 
mented therapeutic efficacy. Now is the time for a truly randomized 
prospective, perhaps multi-center trial for the study of high-frequency 
ventilation in burn inhalational injury patients. 


DR. DAVID HERNDON (Galveston, Texas): Dr. Cioffi and Dr. Pruitt 
and their group must be commended on their impressive mortality sta- 
tistics. A mortality rate as low as 18.5% in a group of patients with 
significant inhalation and burn injury requiring prolonged ventilatory 
support has never been reported in the United States before. 

The usual mortality rates quoted are from 40% to 50%. This in respect 
to nationally reported mortality rates is clearly a great advance and allows 
Brooke still to be called the world’s most famous burn unit. 

However demonstration of a treatment effect in a patient population 
with this righ rate of mortality is extremely difficult. Comparison to an 
historic cohort from 1980 to 1984 or 1986 is somewhat misleading. The 
investigators have admitted that. 

I would like to know if more aggressive early surgical rernoval of the 
burn wound tn a later period may have contributed to a decrease in the 
incidence of pneumonia by decreasing burn wound bacteremia as a source 
of hematcgenous pneumonia. Has there been any effect of the more 
recently developed antibiotics? 

The H2 blockers have been mentioned. 

You have noted also that a wide variety of high-frequency ventilators 
are available, and varying reports of efficacy in the literature have been 
received. The incidence of barotrauma, specifically pneumothoraces due 
to gas trapped behind inspissated mucosal casts, has been discouraging 
in inhalation injury patients. However the ventilator you used is very 
specific and seems to overcome many of these adverse effects with a very 
low incidence of barotrauma. 


HIGH-FREQUENCY VENTILATION IN INHALATION INJURY 581 


My major question is, is this complicated ventilator commercially 
available or will it become commercially available? I’m not aware of it 
being so. If it is, then I think, as Dr. Sugerman did, concurrent multicenter 
studies based on your encouraging preliminary results might be warranted 
to determine mortality effects, whether specific for this machine or specific 
for this excellent treatment team. 

I would also like the authors to speculate as to whether our general 
level of burn care has improved to such an extent that we might also 
recontemplate randomized studies that would treat barotrauma by use 
of extracorporeal membrane oxygenation. 

Previous attempts in the 1970s, when burn wound sepsis was rampant, 
were unsuccessful, but mortality statistics are sufficiently decreased, and 
early excision of the wound would prevent many of the septic compli- 
cations that were seen before. Or perhaps the new technique of intrav- 
enacava filamentous O,-CO, exchange rods being tested in multiple 
centers for support of adult respiratory distress syndrome might make 
more sense than a jet ventilator. 


Dr. EDWIN DEITCH (Shreveport, Louisiana): I will limit my remarks 
to a few questions, some of which have been covered before but, none- 
theless, I think they need to be stated again. 

I wonder whether the authors are now ready to carry out a prospective 
randomized study to verify these results. There are several reasons to do 
so. The first is that this high-frequency ventilator technique that they 
are proposing is much more time consuming, technically demanding 
and more expensive than conventional mechanical ventilation. 

And second, and perhaps more important, all too often in the past 
studies carried out using historical controls, even one as well defined as 
this one, fail to verify the encouraging results of the initial study. 

There are many reasons why this phenomenon occurs, not the least 
of which is the special attention directed toward these patients by a highly 
motivated investigational team. Perhaps the fact that Dr. Cioffi and his 
coworkers were performing bronchoscopy on these patients to remove 
debris may have made this a study of repeated bronchoscopy as much 
as ventilatory support. 

I have two other related questions. One is that it has become apparent 
in the last several years that the intubated patients receiving antacids or 
H2 blockers for stress ulcer have an increased incidence of gram-negative 
pneumonia and even death, 

Therefore I wonder whether the authors are still using H2 blockers, 
what they’re using, and whether they have changed their therapy to use 
sucralfate to prevent colonization of the stomach with potential patho- 
gens. 

Related to that, do you have any data on the bacteriology in these 
patients and if so was it different from the historical controls? I ask this 
question because pneumonia due to gram-negative enteric bacilli or 
pseudomonas is associated with a higher mortality rate than pneumonias 
caused by gram-positive organisms. 

Therefore, if you are shifting your flora due to changes in therapy, 
you may also be shifting your results. 


` 


DR. ANTHONY MEYER (Chapel Hill, North Carolina): I would like 
to compliment the authors on their continued evaluation of this alternate 
method of ventilation for inhalation injury. ] have a few questions. 

You had a relatively low incidence of necrotizing tracheobronchitis 
and barotrauma. Is this consistent with the incidence in your conven- 
tionally ventilated patients? 

Is there any evidence or data on pulmonary compliance in these pa- 
tients? Obviously it is difficult to measure using this mode of ventilation, 
but if pulmonary fibrosis is one of the key hallmarks of ARDS and late 
pulmonary problems, and if this is indeed triggered by the barotrauma 
of conventional ventilation, this might be a significant physiologic al- 
teration using this type of support. 

There is a relatively high incidence of pneumonia im the historical 
series. And because of this and many of the other reasons, I would hike 
to join the chorus in suggesting that a true prospective randomized study 
should be carried out to evaluation further the technique. 
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J think it is interesting that this sophisticated pulmonary management 
is being discussed before a surgical society rather than something that is 
only discussed before pulmonary medicine groups. 


Dr. WILLIAM CIOFFI (Closing discussion): First I would like to address 
the recurring question of why we did not perform a randomized trial. 

When we started this study, we did a trial in which we enrolled 20 
patients to see if we could see a decrease in the incidence of pneumonia 
or change in mortality rate, and indeed we did. We entertained the thought 
of a prospective randomized trial at that time. By doing the calculations, 
we discovered that it would require more than 230 patients to have 
satisfactory type one and type two errors. It took us almost 4 years to 
enroll 54 patients in this trial, so we were looking at more than a decade 
to complete the study with all the problems that would occur in treatment 
changes in 10 years or more. 

Second we have used these predictors for at least one- decade in our 
institute, if not longer, and in other studies have found them to be entirely 
reliable in predicting results from other types of studies, not just including 
the ventilator study discussed here today. 

Third because doing this randomized trial will be difficult in a period 
of time that is reasonable, we have begun a study in primates looking at 
high-frequency ventilation in two forms, high-frequency percussive ven- 
tilation discussed here today and high-frequency oscillation as compared 
to conventional ventilation in a long-term support model in which we 
ought to be able to discern whether the differences we see in patients will 
hold out in the primate model. That trial is now underway. 

To continue with Dr. Sugerman’s questions, other treatment modalities 
have not changed significantly in our unit in the past 10 years. 

Our mode of nutritional support is enteral and has remained enteral 
for 10 years, with TPN being used in less than 5% of patients. 

Our diagnosis and treatment of pneumonia also has remained the 
same in the studied period of 10 years. 

Respiratory therapy has not changed significantly. Frequent bron- 
choscopy for pulmonary toilet in patients with severe inhalation injury 
has been the standard in the unit for approximately 10 to 15 years. 

Dr. Sugerman also asked whether the duration of ventilatory support 
was similar in the high-frequency patients as compared to the conven- 
tional patients. Unfortunately I do not have that data for the 1980-1984 
patients. But I would say that 15 days of support in these patients indicates 
a rather severe insult. The patients are weaned as quickly as possible 
from this ventilator, and it has been my experience in patients who have 
not been placed in the trial for other reasons that it is easier to wean the 
patients from high-frequency ventilation than conventional support. 

Dr. Herndon asked about our excision practices. In the past decade, 
our day of first excision has decreased by about 3 days in patients with 
burn size discussed in this paper. He also asked whether the incidence 
of hematogenous versus bronchopneumonia or airway pneumonia has 
changed. Hematogenous pneumonia has been relatively infrequent in 
the past decade, and bronchopneumonia is responsible for almost all 
our pneumonias. I don’t think that later excision in the earlier group 
had much to do with the incidence of pneumonia. 

Our antibiotic therapy has been relatively unchanged. The standard 
antibiotic therapy in our unit is Amicacin and Vancomycin and has 
been that way for almost the entire period of the 1980s. 

Several discussants asked about stress ulcer prophylaxis and whether 
we use H2 blockers. Until 5 or 6 months ago the standard of care was 
H2 blockers and antacids titrated to keep the gastric pH above 4.5. 

We just started a trial comparing sucralfate to standard therapy, but 
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of the patients reported in this study, only two of the last five patients 
were enrolled in that study. So all patients were on H2 blockers, and the 
idea of nonacid neutralizing therapy to decrease pneumonia does not 
enter into play. 

The barotrauma reported in our series is low. It 1s lower than it has 
been in the past. The incidence of significant barotrauma as far as pneu- 
mothoraces was one patient of 54. Most ICUs report incidence of bar- 
otrauma approximately 4%. Two patients did have significant subcuta- 
neous emphysema but never developed a pneumothorax. 

Dr. Herndon asked whether this device was commercially available. 
It was approved by the FDA approximately 1 year ago and is now com- 
mercially available through Percussion Air Corporation, which is a com- 
pany owned by Dr. Bird, who developed this form of ventilation. 

Dr. Herndon also asked us to speculate whether other forms of support, 
total rest of the lungs using either ECCOR or the new intravenacaval 
device, the IVOX, might be of more benefit. In those studies it is still a 
requirement that the patient be kept on high mean airway, low peak 
pressure ventilation to splint the lung. And it might be that some high- 
frequency ventilation in combination with extracorporeal support might 
be the answer. The studies that are using that form of therapy, however, 
are all on ARDS patients. 

Dr. Deitch asked not only about why not a prospective study, which 
I’ve already covered, but also about the costs. The cost of this ventilator 
is approximately one fifth of a 7200 ventilator. So cost is not really an 
issue. 

The first two forms of this ventilator were exceptionally hard to use, 
as we reported in our early review; however the VDR for the most current 
form of this ventilation is very easy to use. We have residents who rotate 
i month from multiple institutions. And by the end of | month, most 
residents are capable of using this ventilator and are able to support the 
patients at night on their own. 

Dr. Deitch also asked about the etiology of our pneumonia, our gram 
negatives versus gram positives. We have had a predominance of gram- 
positive pneumonias at our institute for more than a decade, and that 
incidence has not changed. 

He also asked about comparing it to a population from 1980 to 1984 
and 1987 to 1990. We are just starting to look at the data in the intervening 
years. And the incidence of pneumonia before use of this ventilation 
from 1985 to 1987 had not changed in patients with inhalation tnjury 
compared to the 1980 to 1984 group. 

Finally Dr. Meyers asked about necrotizing tracheobronchitis. It is 
our impression that it has been significantly decreased with the use of 
this ventilator, despite the fact that there are reports in the literature 
using this, form of ventilation in neonates, in which that incidence ap- 
proaches one third to one half of patients. 

However we only had two patients, the very first patient and a latter 
patient entered in the trial, both of whom survived. And it appeared to 
be more an indication of the severity of their insult. 

Finally, Dr. Meyers, we have not done compliance measurements to 
indicate the severity of the insult. 

In closing I would like to add that many discussants compared this 
form of support in patients with inhalation injury to those studies in the 
literature that deal with ARDS patients. I would emphasize that the 
insult in our patients is distinctly different from ARDS. It is a self-limiting 
disease process, which, if it can be left to heal on its own, should do so 
in 10 to 14 days. We feel strongly that conventional mechanical venti- 
latory support impairs that healing process and that the use of low-pressure 
ventilation by the use of this device or other high-frequency devices may 
just allow the natural process of healing to occur. 





Long-term Results of Pectoralis Major Muscle 
Transposition for Infected Sternotomy Wounds 
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During an 11.5-year period, 100 consecutive patients (79 male, 
21 female) underwent repair of an infected sternotomy wound. 
Sixty-five patients had failed attempts at wound closure by other 
physicians. Median age was 61.5 years (range, 5 to 85 years). 
Reconstruction included muscle in 79 patients, omentum in 4, 
and both in 15. A total of 175 muscles were transposed, including 
169 pectoralis major, 3 rectus abdominis, 2 external oblique, and 
1 latissimus dorsi. Median number of operations was four (range, 
1 to 11). Mechanical ventilation was required in 30 patients. 
Two perioperative deaths occurred, one related to sepsis. Median 
follow-up was 4.2 years (range, 1.3 to 13.5 years). Twenty-six 
patients had recurrent infection. Median time from our closure 
to recurrence was 5.5 months (range, 0.3 to 27.6 months). Cause 
of recurrence was inadequate removal of cartilage in 16 patients, 
bone in 6, and retained foreign body in 4. Eighteen patients had 
the wound reopened with further resection; 10 had another muscle 
or omentum transposition. There were 30 late deaths, only one 
related to recurrent-infection. At the time of death or last follow- 
up, 92 patients had a healed chest wall. Transposition of the 
pectoralis major muscle remains an excellent method of man- 
agement for infected sternotomy wounds. Failure is directly re- 


lated to persistent infection of cartilage, bone, or retained foreign. 


bodies. 


EDIAN STERNOTOMY IS the preferred approach 
for most cardiac operations and- for resection 
of many anterior mediastinal masses.’ Al- 
though wound complications after sternotomy are rare, 
infection remains the most threatening because of the po- 
tential for mediastinal sepsis with extension to aortoco- 
ronary grafts, cardiotomy incisions, and intracardiac 
prostheses.” In the past, the consequences of such infec- 
tions have been death or a prolonged convalescence.*® 
In 1980 Jurkiewicz and associates’ revolutionized man- 
agement of this complication by reporting excellent results 
in patients treated by vigorous sternal debridement and 
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obliteration of dead space with healthy, viable muscle. In 
1984 we reported® similar excellent results; however our 
follow-up was short-term. The purpose of this report is 
to review our long-term experience with recalcitrant in- 
fected sternotomy wounds that were managed primarily 
with muscle transposition and to analyze factors affecting 
long-term successful closure. 


Patients and Methods 


Between June 1, 1977 and November 21, 1988, 100 
consecutive patients with infected median sternotomy 
wounds were treated at the Mayo Clinic by the combined 
efforts of a single thoracic and plastic surgeon (PC Pal- 
rolero, PG Arnold). This combined approach, however, 
does not represent the entire experience with such wounds 
at our institution during that time. Seventy-nine patients 
were male and 21 were female. Ages ranged from 5 to 85 
years (median, 61.5 years). Sternotomy was performed 
for cardiac disease in 92 patients and for mediastinal dis- 
ease in eight (Table 1). Seventy-four patients had coronary 
artery bypass; the internal mammary artery was used in 
36 patients (left in 32 and both in 4). Ninety patients had 
a single previous sternotomy; 10 had multiple sternoto- 
mies, all for cardiac disease. Six patients had 2 cardiac 
operations, two had 3, and two had 4. Ten of the 100 
patients had their sternotomy wound reopened during the 
immediate postoperative period because of bleeding or 
dehiscence; two other patients had emergent vagotomy 
and antrectomy for bleeding duodenal ulcers. Eight pa- 
tients had received previous mediastinal irradiation for 
previous malignant disease. Forty-four patients had their 
sternotomies performed at another institution. 
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TABLE 1. Indications for Median Sternotomy 


Number Previous Mediastinal 
of Radiation 
Indication Patients (No. of Patients) 
Cardiac 92 3 
CABG 
CABG + AVR 
CABG + MVR 
MVR 
AVR 
MVR + AVR 
Fontan procedure 
Tetralogy of Fallot 
Mediastinal 8 
Cancer 5 
Pneumothorax 2 
Aortoinnominate bypass l 
Total 100 8 
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CABG, coronary artery bypass graft; AVR, aortic valve replacement; 
MVR, mitral valve replacement. 


Sternal drainage occurred 1 week to 4 years after ster- 
notomy (median, 3 weeks). The median time interval be- 
tween the onset of sternal drainage and sternal repair by 
us was 7.5 weeks (range, 2 days to 6 years). During this 
latter time period, 65 patients had previous attempts at 
wound closure by other physicians that failed, which in- 
cluded debridement in all patients, mediastinal irrigation 
and suction drainage in 41, omental transposition in 2, 
and muscle transposition in 1. The median number of 
sternal debridements in these 65 patients before evaluation 
by us was two (range, 1 to 10). All patients had purulent 
sternal drainage. 

Our initial treatment included debridement of the 
manubrium and sternum in all patients. Early in our ex- 
perience mediastinal debridement was limited. However 
now we think that mediastinal debridement should be 
done in all patients, and great effort was made in our later 
experience to remove all exposed foreign bodies, including 
felt pledgets, pacemaker wires, and sutures.’ If heart or 
great vessel suture lines required reinforcement because 
of real or potential bleeding, fascia lata and transposed 
muscle were used. In addition to debridement, the manu- 
brium and sternum were resected completely in 43 pa- 
tients and partially in 33; all 76 had associated costo- 
chondral arches resected from the back to the ribs. 

Tissue cultures, obtained in all patients, were positive 
in 95. One hundred eighty-two organisms were isolated 
(Table 2). A single organism was identified in 45 patients, 
two in 24, three in 20, four in 3, six in 1, and eight in 1. 
Eighty patients had only bacteria identified, two had only 
fungus, and 13 had both. No patient had multiple fungi 
isolated. 

Muscle or omental flaps were used to obliterate the 
underlying mediastinal space in 98 patients. In the re- 
maining two patients, the skin wound was left to heal 
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secondarily after debridement only. Reconstruction was 
entirely with muscle transposition in 79 patients, omental 
transposition in 4, and both in 15. Transposition of the 
various muscles and omentum has been described pre- 
viously.®!”-!16 A total of 175 muscles were transposed, in- 
cluding 169 pectoralis major (all based on the thoracoac- 
romial leash), 3 rectus abdominis, 2 external oblique, and 
| latissimus dorsi. Seven patients had myocutaneous flaps 
(rectus abdominis in 2, pectoralis major in 2, external 
oblique in 2, and latisstmus dorsi in 1). Bilateral pectoralis 
major muscle transpositions were performed in 79 pa- 
tients. The nondominant humeral attachment of the pec- 
toralis muscle was divided in 114 of the 169 transpositions 
(65.7%). 

The median number of operations in these 100 patients 
was four (range, | to 11). The wound was closed at the 
time of the initial debridement in 11 patients. In the re- 
maining 89 patients, the wound was dressed with moist 
gauze after initial debridement and/or resection and four 
times a day thereafter. All wounds were thoroughly irri- 
gated with water at the time of each dressing change. Ad- 
ditional debridements to remove nonviable tissue were 
done as needed. Quantitative tissue cultures were not ob- 
tained to determine the timing of wound closure. Instead 
the wound was closed when healthy granulation tissue 
was present without gross exudate. Wound closure was 
performed a median of 14 days after the initial debride- 
ment (range, 2 to 192 days) in 88 patients. 

Hospitalization ranged from 7 to 210 days with a me- 
dian of 26.5 days. Fifty-nine complications occurred in 
42 patients (Table 3). Eight patients had prolonged wound 


TABLE 2. Micro-organisms Identified in 95 Patients 
with Infected Sternotomy Wounds 


Number of 

Micro-organisms Patients 

Bacteria 
Staphylococcus aureus 65 
Pseudomonas aeruginosa 19 
Streptococcus viridins 16 
Staphylococcus epidermidis 13 
Enterobactor 10 
Serratia marcescens 
Staphylococcus pyogenes 
Escherichia coli 
Cornybacteria 
Propionibacteria 
Hemophylis influenza 
Klebsiella pneumoniae 
Proteus vulgaris 
Actinobacillus 
Salmonella 

Fungus 
Candida albicans 
Rhizopus arrhizus 
Aspergillus fumigatus 
Trichoderma 
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TABLE 3. Complications 


Complication Number 
Wound infection 

Wound hematoma 

Myocardial infarct 

Muscle necrosis 

Omenta! necrosis 

Renal failure 

Acute femoral artery occlusion 
Mycotic popliteal artery aneurysm 
T4_5 disc space infection 

Wrist space infection 

Subphrenic abscess 
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infections (5 superficial, 3 deep); 7 were dismissed with a 
portion of the wound healing secondarily, and 1 was open 
at the time of perioperative death. All 6 patients with 
wound hematomas required operative evacuation. All 
patients with distant sites of infection (popliteal artery, 
T4-s disc space, wrist space, and subphrenic space) also 
required surgical intervention. 

After each operative procedure, the patients generally 
were extubated on the evening of the operation. Mechan- 
ical ventilation beyond the second postoperative day, 
however, was required in 30 patients, 21 because of chest 
wall instability and 9 because of continuing sepsis. Two 
of the 21 patients with chest wall instability had trache- 
ostomy; | was performed at another institution for un- 
known reasons, and 1 was performed by us for aspiration 


“pneumonia. All wounds in these 21 patients were suc- 


cessfully closed, and extubation was possible in all by 14 
days (median, 3.5 days). Six of the nine patients with sepsis 
had tracheostomy. Five of the wounds in these nine pa- 
tients were closed and, again, extubation was possible in 
each. Extubation also was possible in one of the four pa- 
tients in whom the wound could not be closed. The me- 
dian length of mechanical ventilation in the five patients 
who were extubated was 45 days (range, 32 to 100 days). 

Two perioperative deaths occurred. The first was in an 
85-year-old man who underwent aortic valve replacement. 
Three weeks later the wound became infected. The patient 
had an uneventful course following debridement and clo- 
sure with bilateral pectoralis major flaps until sudden 
death from a myocardial infarction 17 days later. The 
second death occurred in a 7 1-year-old man who had cor- 
onary artery bypass and who underwent emergency va- 
gotomy and pyloroplasty on the 11th postoperative day 
for a bleeding duodenal ulcer. Bleeding continued and 4 
days later he underwent antrectomy. This was followed 
by generalized sepsis, including mediastinitis and peri- 
tonitis. Although the mediastinum was debrided and bi- 
lateral pectoralis major flaps were transposed, the wound 
was never closed because of progressive respiratory and 
renal failure. Death occurred at 171 days. 

One patient was lost to follow-up. This was a 61-year- 
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old man who developed an infected sternotomy wound 
after coronary artery bypass. Although closed with bilat- 
eral pectoralis major flaps, sepsis continued and resulted 
in wound breakdown, respiratory failure, and tracheos- 
tomy. His hospital course also was complicated by acute 
common femoral artery occlusion that necessitated 
thrombectomy. However gradual improvement occurred 
and eventually he was transferred to his home hospital in 
Spain on the 88th postoperative day with both a trache- 
ostomy and his sternum healing secondarily. Follow-up 
in the remaining 97 operative surviving patients ranged 
from 1.3 to 13.5 years (median, 4.2 years). 

Seven patients were dismissed from the hospital with 
a portion of the sternal wound open. One patient was lost 
to follow-up and one died from sepsis at 3 months. The 
wounds in four of the patients healed spontaneously be- 
tween 3 to 6 months, and one was closed with omentum 
and skin graft at 2 months. 

Recurrent sternal infection occurred in 26 patients and 
was more frequent in the last half of our study period (in 
21 of 66 patients) than in the first half (5 of 34 patients) 
(x? = 2.584, p = 0.108). Median time from our closure 
to recurrence was 5.5 months and ranged from 0.3 to 27.6 
months. All recurrences presented as draining sinuses, 
most commonly associated with osteomyelitis and/or 
costochondritis. None had abscess collection in the me- 
diastinum, pleura, or peritoneum, although several pa- 
tients had draining sinus tracts to retained mediastinal 
foreign bodies. Drainage, erythema, and local tenderness 
were the most common findings. Other signs and symp- 
toms were uncommon. 

Factors possibly affecting recurrent sternal infection are 
shown in Table 4. Only inadequate removal of nonviable 
tissue at the time of definitive repair was significant. Those 
patients who had resection of the manubrium, sternum, 
and costochondral arches were significantly less likely to 
develop late recurrence (10 of 64 patients) than those who 
had debridement only (14 of 26 patients) (p < 0.001). 
The number of operations to close a wound successfully, 
the extent of resection (complete versus partial), a history 
of previous sternal irradiation, the number of previous 
sternotomies, the institution where the sternotomy was 
performed, the indication for sternotomy, and whether 
the internal mammary artery was used for cardiac revas- 
cularization did not affect recurrence (p = NS). Recur- 
rence in our patients was attributed to inadequate removal 
of cartilage in 16 patients, bone in 6, and retained foreign 
bodies in 4. 

Anterior chest wall pain was present in 37 patients. 
This pain was described as a stabbing sensation in 27 pa- 
tients, tightness in 4, ache in 3, numbness in 1, and spasms 
in 1. The pain generally was always present, made worse 
by activity, and usually not relieved by analgesics or other 
pain clinic techniques. Symptoms were more common in 


586 
TABLE 4. Factors Affecting Long-term Successful Closure 
No 
Factors Recurrence Recurrence p Value*’ 

Removal of tissue 

Debridement 14 10 

Resection 12 64 0.001 
No. of operations 

Single 0 lI 

Multiple 26 63 0.086 
Extent of resection 

Complete 7 36 

Partial 5 28 0.854 
Sternal radiation 

Yes 2 6 

No 24 68 0.724 
No. of prior sternotomies 

Single 25 65 

Multiple l 9 0.403 
Institution 

Mayo Clinic 14 42 

Other 12 32 0.978 
Indication for sternotomy 

Cardiac 23 67 

Mediastinum 3 7 0.939 
Coronary artery bypass 

Mammary artery 8 28 

Vein only 14 24 0.262 


* Chi square test. 


patients who developed recurrent infection (19 of 26 pa- 
tients) than in those who did not (18 of 74 patients) (x? 
= 17.582, p < 0.001). Five of nineteen patients with 
omental transpositions developed hernias through the 
tunnel through which the omentum was passed. All five 
patients were asymptomatic and none required surgical 
intervention. Progressive shortness of breath during fol- 
low-up was uncommon. 

The wound healed spontaneously in 7 of the 26 patients 
with recurrent infection. One patient refused further sur- 
gical treatment and the wound currently continues to 
drain. The remaining 18 patients underwent additional 
operative procedures. All patients had further removal of 
nonviable tissue, 10 by debridement of residual manu- 
brium, sternum, and cartilage, and eight by resection. 
Eight of these patients had debridement or resection only, 
seven also had another muscle transposition, and three 
had omental transposition. Retained foreign bodies also 
were removed from four patients. Following these pro- 
cedures 13 patients had no further signs or symptoms of 
infection; however infection recurred for a second time 
in five patients, all of whom had had debridement rather 
than resection as management for the first recurrence. 
Three of these five patients underwent additional resection 
and a third muscle transposition, one had debridement 
only, and one refused further surgical intervention. At 
last follow-up the wounds in three of these five patients 
were healed, and two continue to drain (one patient who 
had debridement and one who had resection). In summary 
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22 of the 26 patients with recurrent sternotomy infections 
now have well-healed chest wounds without drainage. 

There were 30 late deaths, only one related to infection. 
This patient was a 71-year-old man who had an uneventful 
course after wound closure with bilateral pectoralis major 
flaps. Although discharged from the hospital, infection 
persisted in this man. The wound was reopened and de- 
brided, but adult respiratory distress syndrome developed 
and the patient died 2.5 months after initial closure. Cause 
of the death in the remaining 29 patients was cardiac in 
20, cancer in 3, renal failure in 1, trauma in 1, radiation 
myelitis in 1, and unknown causes in 3. At the time of 
death, 27 patients had healed chest walls. 

There were 98 operative survivors; one was lost to fol- 
low-up and one died after 2.5 months from continuing 
infection. Twenty-six patients developed recurrent sternal 
infection, 22 of whom were successfully treated. Sixty- 
seven patients are known to be alive. Median follow-up 
in these 67 patients was 4.7 years (range, 0.7 to 13.5 years). 
Sixty-five of these former patients have healed anterior 


chest walls. At the time of death or last follow-up, 92 


patients had healed chest walls without drainage. 


Discussion 


Since 1957 median sternotomy has become the most 
commonly used incision in cardiac operations.!’ The ra- 
pidity and ease with which it can be performed and the 
excellent access it provides to the heart and great vessels 
are major factors contributing to its widespread accep- 
tance. Although wound complications are few, infection 
remains the most ominous.'®!? If left untreated these in- 
fections can extend to aortic and cardiac suture lines, 
prosthetic grafts, and intracardiac prostheses and can re- 
sult in death. 

The earliest treatment of infected sternotomy wounds 
consisted of debridement and open sternal drainage, which 
had an attendant mortality rate of more than 50%.”° Shu- 
macker and Mandelbaum? and Bryant et al. subsequently 
described the technique of closed mediastinal irrigation 
and suction drainage, which reduced the mortality rate 
to approximately 20%. In 1976 Lee, et al.,' offered an 
alternative method of management by transposing the 
omentum to eliminate mediastinal dead space. Jurkiewicz 
and associates expanded this concept by using pectoralis 
major muscle flaps and reduced the mortality rate to zero.’ 
Since then these and other authors reported equally ex- 
cellent results in large numbers of patients, often using 
multiple stages.®?-78 

Nearly all authors agree that the pectoralis major muscle 
is ideal.to manage patients with complicated infected me- 
dian sternotomy wounds. The muscle has a dominant 
blood supply based on the thoracoacromial artery. Mo- 
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bilization of this muscle allows an arc of rotation that 
reaches all of the anterior chest wall except the lower ster- 
num. Nonetheless treatment of infected sternotomy 
wounds continues to be controversial. Recently good re- 
sults were reported with less extensive and single-stage 
procedures, suggesting that extensive debridement and 
multiple operations may not be necessary.” However 
most reports fail to distinguish between the different types 
of sternal wound infections and none report factors that 
influence successful long-term closure. 

Clearly not all infected median sternotomy wounds re- 
quire muscle or omental transposition. Superficial infec- 
tions may be treated successfully by adequate drainage, 
specific parenterally administered antibiotics, local wound 
care, and simple secondary closure. Deeper infections that 
involve the sternum and the anterior mediastinum, how- 
ever, require exploration and thorough debridement. 

Deep infected median sternotomy wounds present in 
one of three ways (Table 5).?7! The earliest are type I in- 
fections. These patients present with serosanguineous 


wound drainage within a few days of sternotomy. Few . 


patients have skin cellulitis; none have mediastinal sup- 
puration, osteomyelitis, or costochondritis. Wound cul- 
tures often demonstrate no growth; when positive, how- 
ever, a staphylococcal species is encountered in nearly 
50% of cases. Early recognition of type I wound infection 
requires a high index of suspicion and they are best man- 
aged in the operating room under general anesthesia, 
where both the subcutaneous and mediastinal spaces can 
be inspected. Because the mediastinum is always soft and 


TABLE 5. Classification of Infected Sternotomy Wounds 


Number of 

Classification Patients 
Type I 1] 

Occurs within first few days 

Serosanguineous drainage 

Cellulitis of skin absent 

Mediastinum soft and pliable 

Osteomyelitis and costochondritis absent 

Cultures usually negative 
Type Il 84 

Occurs within first few weeks 

Purulent drainage 

Cellulitis of skin present 

Mediastinal suppuration 

Osteomyelitis frequent, 

costochondritis rare 

Cultures positive 
Type II 5 

Occurs months to years later 

Chronic draining sinus tract 

Cellulitis of skin localized 

Mediastinitis rare 

Osteomyelitis, costochondritis, or retained 

foreign body always present 

Cultures positive 

Total 100 
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pliable, residual space is obliterated easily by suction 
drainage, thereby allowing the wound eventually to heal 
in most patients. A few, however, will progress and will 
require more extensive debridement with obliteration of 
dead space by viable tissue. Our experience with type I 
wound infection is minimal because most are managed 
by the operating cardiac surgeon. Nonetheless 11 of our 
patients had this early type of infection; all were managed 
with a single operative procedure and none developed 
recurrent infection. Equally important is the fact that 41 
of our patients had mediastinal irrigation and suction 
drainage with immediate closure by other surgeons, yet 
infection progressed in all. When we evaluated these 41 
patients, all had type JI infection, as described below, and 
all required more extensive operations. We could not de- 
termine historically what type of infection was present at 
the time of previous treatment at other institutions. 

Type II infections present as fulminant mediastinitis 
usually within the first few weeks after operation. These 
patients often have purulent wound drainage, skin cel- 
lulitis, and obvious communication between the sternum 
and mediastinum. Many have acute osteomyelitis but only 
a few have associated costochondritis. Cultures usually 
are positive for staphylococcal species. Like type I infec- 
tions, our practice is to inspect type II wounds in the 
operating room under general anesthesia, where all re- 
cesses of the mediastinum must be explored thoroughly. 
Necrotic tissue such as bone, cartilage, or soft tissue should 
be excised. Any exposed healthy cartilage should be re- 
sected back to normal bone.” The cut surface of cartilage 
is at greater risk of recurrent infection than the cut surface 
of bone. All foreign material, including sutures, pledgets, 
and sternal wire, are removed. Every effort should be made 
to avoid entering the pleural space if there is no clinical 
or roentgenographic evidence of empyema. 

The key to deciding whether type II wounds can be 
closed at the time of initial debridement is the condition 
of the mediastinum. If soft and pliable, suction drainage 
usually will obliterate mediastinal space after the sternum 
is closed following debridement. Obliteration of dead 
space below the sternum combined with muscle trans- 
position on the external surface usually will prevent rein- 
fection and many wounds will heal with this technique. 
However there is a group of patients with advanced type 
II infections in which the suppuration has caused the me- 
diastinum to become indurated and thickened. As a resuit 
pliability decreases and mediastinal dead space cannot be 
obliterated by suction drainage alone. These wouncs 
mandate obliteration of this space by other techniques. 
Late type I] infections were the most common wound we 
treated. It was also the wound most likely to develop re- 
current infection. These latter findings probably reflect 
the tertiary nature of our practice and explain why re- 
current infection was more common in the last half of 
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our experience (31.8%) than in the first half (14.7%), al- 
though this difference is not statistically significant. 

Type H wounds that are not closed immediately are 
dressed with gauze moistened with saline solution follow- 
ing thorough resection. The dressing is changed in the 
patient’s room every 4 to 6 hours and the wound irrigated 
with water. If possible the patient showers because drain- 
age is considerably better in the upright position. If bed- 
ridden irrigation is done in a special treatment facility 
with a hand-held shower or Water Pik (Teledyne, Inc., 
Fort Collins, CO).*? If at any time there is evidence ot 
new or persistent necrotic tissue, the patient is returned 
to the operating room for further debridement. 

Closure of the wound is performed when there is no 
evidence of drainage, when nonviable periosteum, peri- 
chondrium, bone, or cartilage has all been removed, and 
when the edges of the debrided sternum or ribs are clean. 
Our first choice to obliterate the mediastinal space is the 
pectoralis major muscle transposed on the dominant 
proximal thoracoacromial neurovascular leash. Fre- 
quently both pectoralis major muscles are mobilized. The 
nondominant humeral attachment is divided as needed 
to permit the degree of rotation and advancement re- 
quired; sometimes both humeral attachments must be di- 
vided to close the wound. The overlying skin and sub- 
cutaneous tissue then are closed with direct suture. We 
also prefer to close the lower portion of the wound with 
skin and subcutaneous tissue rather than the rectus ab- 
dominis muscle because recurrences, in our experience, 
were not related to this portion of the wound. Myocuta- 
neous flaps are used on rare occasions when they seem 
to be the best geometric solution to a wound ofa particular 
size, shape, and location. If the epicardium is exposed, 
the omentum may be transposed to obliterate any peri- 
cardial space and to cover the heart, if necessary. The 
more superficial layers of the chest wall then are closed 
by skin graft, muscle flaps, or direct closure of skin and 
subcutaneous tissues. 

Sometimes the pectoralis major muscles are absent or 
insufficient to close the wound. In these patients consid- 
eration must be given to other types of transposition; we 
` prefer omental or rectus abdominis muscle transposition. 
Both of these flaps should be considered second-line 
treatment choices. Omental transposition has the distinct 
disadvantage of both entering a sterile visceral cavity and 
producing a veniral hernia. One of our 19 patients who 
had omental transposition developed a subphrenic abscess 
because of this procedure and five developed hernias. The 
rectus abdominis muscle flap may not be as dependable 
if the internal mammary artery has been used in a coro- 
nary artery bypass, thrombosed from infection, or ligated 
with sternal debridement. 

Type IH infections occur months to years later. These 
patients present with a chronic draining sinus tract from 
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the manubrium, sternum, costochondral arches, or re- 
tained foreign bodies. All have osteomyelitis and/or cos- 
tochondritis but mediastinitis is rare. Most patients also 
have localized skin cellulitis around the sinus tract site. 
Cultures often are positive. When the sinus tract is ex- 
plored, all infected bone and necrotic tissue must be re- 
sected back to healthy bone. If the sinus tract extends into 
the mediastinum, usually there is retained foreign material 
and this also must be removed. If the sinus tract enters 
cartilage, the entire cartilage must be resected back to 
normal bone. After debridement we prefer to dress this 
wound open with frequent dressing changes and repeat 
debridement as indicated. Once the wound is clean, clo- 
sure is as described above with preference given again to 
pectoralis major muscle transposition. 

Twenty-six per cent of our patients developed recurrent 
infection. Interestingly the recurrence rate was nearly 
identical for both the second (28%) and third (25%) sur- 
gical attempts to heal the wounds. When factors affecting 
recurrent infection were analyzed, only incomplete re- 
moval of nonviable tissue was significant. Those patients 
who had debridement only had a significantly greater 
chance of developing late recurrence as compared to those 
who had resection; this observation also was true after 
the second and third attempts at surgical wound healing. 
Although not statistically significant, no recurrence oc- 
curred in patients in whom we were able to close the 
wound in one procedure. We think, however, that this is 
so only because of the small number of patients involved. 

Recurrent infections often were managed with another 
muscle transposition in addition to debridement or re- 
section. Most transpositions involved the same pectoralis 
major muscle in that the previously transposed muscle 
was remobilized to allow debridement or resection and 
then retransposed. None of our patients had loss of muscle 
with this technique. 

Long-term respiratory failure after successful wound 
healing was unlikely and was not related to whether me- 
chanical ventilation was required during the time of ster- 
nal wound management. Instead progressive shortness of 
breath was related more commonly to late cardiac failure. 
This observation correlates with our previous experience 
with resection of the anterior chest wall for neoplasms.” 

We conclude that there is a spectrum of infected ster- 
notomy wounds and that all follow the same time-honored 
principles of wound healing elsewhere: the wound must 
be drained adequately; all necrotic tissue, devascularized 
tissue, and foreign material must be removed; and all re- 
sidual space must be obliterated. If these principles are 
achieved, the entire spectrum of sternotomy wound in- 
fections can be healed successfully. For patients with late, 
recalcitrant median sternotomy wound infections, these 
principles are best achieved by sternal resection combined 
with pectoralis major muscle transposition. 
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excellent soft padding. And in our experience, the wound healing is much 
better. 

The second type of patients in whom we use this method are heavyset, 
robust individuals, especially those with obstructive pulmonary-arterial 
disease. 
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I believe that the pectoralis muscle, besides being a friend, is also a 
culprit that causes or contributes to some of the disruptions by pulling 
the sternum apart. If you reverse this process by uniting it in the front 
of the sternum, then the pectoralis muscle is working for you instead of 
against you. 

We also use this method in sternal disruptions, even before the infection 
occurs. In such cases we do the sternal weaving around the wire down 
on the sides of the sternum then unite the pectoral muscle in the front 
of the sternum. In practically all of the cases, you can obtain a very nice 
healing. 

Use of muscle flaps in thoracic infection is probably the most important 
development in the history of thoracic surgery in the last decade. And 
for this Dr. Arnold and his colleagues who have pioneered this procedure 
deserve the gratitude of the profession. 
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Dr. M. J. JURKIEWICZ (Atlanta, Georgia): A 2% perioperative mortality 
rate for patients such as Dr. Arnold shows is outstanding. 

These are our data from Emory University in roughly the same time 
period. I am uncertain, really, whether our patient population 1s similar 
because they have had a patient cohort, 44% of whom had their ster- 
notomies performed elsewhere. 

Most of our patients are generated within the University. We have 
about a 10% rate cf patient referral from other institutions for this prob- 
lem. As you can see, during that time period we had 246 patients with 
infection, for an infection rate of about 1.6%, which is roughly that which 
is average for the feld. Of those 35 were superficial and easily treated, 
and 211 had mediastinitis. 

These are the flaps we used. We used pectoralis, but we have turned 
in recent years to the use of the rectus abdominus. We used roughly in 
139 patients a single-stage closure and a two-stage closure such as they 
use at the Mayo Ciinic in 38% of the patients. 

Our duration of hospitalization was 15.7 days after treatment. 

The perioperative mortality rate we had with these patients was 5.3%. 
Our persistent drainage rate was 0.8%. That figure really should be merged 
with all of these others here because we had roughly the same recurrence 
rate that Dr. Arnold has had and for the same reasons, inadequate de- 
bridement. We have turned to single muscle for closure in recent years, 
and this reflects experience with the rectus abdominus muscle. 

Now the treatment of medial sternotomy wound infection remains 
uncertain and by no means settled, Drs. Arnold and Pairolero have made 
a significant contribution, I believe, by devising appropriate classification 
of these wounds associated with frank mediastinal infection. 

Another important observation is that the condition of the mediastinal 
viscera is of help in sorting out those patients who need muscle flaps. 

Early diagnosis clearly is the key. The data from New York University 
reported by Grosse and Frank Spencer were stratified into those patients 
treated before and after 20 days following their sternotomy. Those patients 
treated before 20 days did much better than those patients treated after 
20 days. 

Drs. Arnold and Patrolero, in their type 2 patients, used pliability of 
the mediastinum as a guide. When pliable, the closure over suction 
drainage is successful. Otherwise they advocate muscle flaps, as Frank 
Spencer has come to advocate in late cases. 

It is not clear to me, Peter, whether you used closed catheter irrigation 
plus systemic antibiotics in these patients. I would ask you to comment 
on that in your closing. 


Dr. BOBBY HEATH (Jackson, Mississippi): Certainly, as cardiac sur- 
geons, we consider this one of our more dreaded complications. And as 
you know from the literature, it is from 0.1% to 2.5% as a complication 
rate. 

Because of such horrible results with the tube drainage and irrigation 
systems that we experienced during my residency, our initial patients 
were treated by a very early and radical debridement from skin, sub- 
cutaneous tissue, sternum, and even mediastinal contents to include the 
pericardium, then transferred the omentum into the mediastinum and 
closed the sternum primarily along with the sternal fascia and the skin. 

We reported on eight of these patients, seven of whom survived, and 
all their incisions healed, and none have recurred in a l- to 9-year ob- 
servation period. 
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l would certainly echo what Dr. Arnold said about the absolute and 
complete debridement ofall the infected areas and foreign material. Also 
the time that the diagnosis is made of the acute infection is very important. 

Sometimes it is difficult to make the diagnosis because of the lack of 
systemic symptoms. There may be only a slight increase in the sternal 
pain and, otherwise, the drainage and the unstable sternum may be the 
only other findings. 

It is very important that we have very early recognition of this potential 
problem, very early institution of broad-spectrum antibiotics, then to be 
specific when an organism is known. And this is to be followed emergently 
by radical debridement and whatever treatment choice you might pro- 
pose. This is more important than transferring the omentum or the tube 
drainage system, as is advocated by many. 

The omentum in the mediastinal dead space may be important in the 
reduction of recurrences, as has been seen in Dr. Arnold’s chronic prob- 
lems. 


DR. PETER PAIROLERO (Closing discussion): Dr. Robicsek, we agree 
with you completely that the most exciting thing that has happened in 
general thoracic surgery in the last decade has been the development of 
muscle flaps. These have greatly improved management of those patients 
who have had various types of thoracic infection. 

From the standpoint of prophylactic repair at the time of initial sternal 
closure, your concept certainly makes sense. The fact that turnover pec- 
toralis muscle flaps may compress the sternotomy wound could poten- 
tially lead to increased bone healing. 

We would like to stress that there is a spectrum of infected sternotomy 
wounds. Type | wounds occur within days after operation; type 2 within 
weeks; and type 3, months to years later. All type 3 wounds present as 
osteomyelitis and costochondritis. 

Most of our patients had type 2 wounds. The diagnosis of type 1 
infection ts difficult to make. Cellulitis is often absent, cultures are fre- 
quently negative, and mediastinitis is always absent. All have a soft, 
pliable mediastinum that can be obliterated by suction drainage when 
the wound is closed, allowing the wound to heal. 

In contrast type 2 wounds have cellulitis and purulent drainage. All, 
as Dr. Arnold has demonstrated, have mediastinitis resulting in a stiff 
mediastinum, which often cannot be obliterated with suction drainage. 
Consequently drainage alone frequently is inadequate, and we do not 
use suction drainage, Dr. Jurkiewicz, for patients with type 2 infection. 
All, however, are receiving parenteral antibiotics. Type 3 wounds require 
debridement of all infected cartilage, bone, and retained foreign bodies. 

Dr. Jurkiewicz 56 of our patients were from our practice and 44 came 
from elsewhere. Where the patient was referred from did not make any 
difference insofar as recurrence was concerned. 

We debride most patients because of the advanced nature of the in- 
fection (type 2). Invariably the internal mammary artery is ligated if it 
has not been used as a conduit for the coronary artery bypass. Conse- 
quently we do not use the turnover pectoralis major muscle or the rectus 
abdominis muscle. Our practice has been to use the omentum as a back- 
up procedure. 

The condition of the wound, i.e., clean without exudate, is the major 
determinant of when it should be closed. Based on our results, the pec- 
toralis major muscle transposed on the thoracoacromial vessel is a very 
good choice for management of recalcitrant median sternotomy wounds. 
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Human lymphocyte antigen (HLA) class I and class II antigens 
and beta, microglobulin (B,M) were identified in peritoneal di- 
alysate (PD) and serum from patients with end-stage renal dis- 
ease (ESRD) using monoclonal antibodies in an enzyme-linked 
immunoassay. The HLA class I and class II antigens each ex- 
hibited approximate molecular weights of 50,000 to 60,000 dal- 
tons by chromatography on Sepharose CL 6B. Class I antigens 
in serum and PD fluid were associated with BM. Free BM 
(Mr 11,500) also was detected in both sera and PD fluids. Unlike 
class I antigens, class I] antigens were not found to have attached 
BM. Class I and class II antigens eluted from 2-diethylami- 
noethanol ion exchange gradient columns at 0.07 mol/L (molar) 
phosphate buffer pH 7.2 and migrated with alpha, -beta, mobility 
in agarose electrophoresis. Class I antigens were purified from 
ESRD patients’ PD fluid by solid-phase immunoaffinity chro- 
matography. Enzyme-linked immunoassay demonstrated that 
this purified protein was composed of a class I heavy chain and 
B.M. Class I allospecificity was confirmed by neutralization on 
known HLA typing antisera in a microcytotoxicity assay. Soluble 
HLA class I antigen preparations specifically inhibited blast 
transformation of responder lymphocytes in mixed lymphocyte 
culture reactions. Inhibition was dose dependent and ranged from 
0% to 95%. The presence of soluble HLA antigens in body fluids 
may play an important part in the immunologic tolerance to self. 
This study demonstrates a ready source of large quantities of 
soluble HLA for detailed analysis. 


LASS I PRODUCTS -of the major histocompatibility 
complex (MHC) are composed of a glycosylated 
and highly polymorphic heavy chain of 40 to 50 
kd encoded by class I genes of chromosome 6 and are 
associated noncovalently with an unglycosylated BM 
light chain of approximately 11 kd. The beta, microglob- 
ulin (B-M) light chain is necessary for incorporation of 
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class I glycoproteins into the plasma membrane.’ Each 
heavy chain has 5 protein domains: 3 extracellularly, 1 
transmembrane, and 1 cytoplasmically.7 Most human 
lymphocyte antigen (HLA) is attached to cell membranes, 
although it has been known since 1970 that trace amounts 
of soluble HLA in serum could be demonstrated by in- 
direct methods.’ Technical advances have now made it 
possible to study soluble HLA in more detail using direct 
measurements. Monoclonal antibodies directed against 
the constant region of all class I MHC antigens are now 
available.* The use of these monoclonal antibodies along 
with others directed against alloantigen domains made it 
possible to demonstrate that at least some recipients of 
liver transplants secreted HLA in soluble form of the do- 
nor phenotype.’ Some observations suggest that such sol- 
uble compatibility antigens may play a major role in the 


' maintenance of self tolerance® and, thus, might be useful 


in the induction of tolerance.”® Therefore the careful study 
of this soluble fraction of HLA is potentially important, 
and a source of large quantities of such antigen would 
facilitate those studies. | 

We developed a solid-phase enzyme-linked immu- 
noassay for (ELISA) quantitating soluble HLA, regardless 
of phenotype, in serum and other body fluids and have 
characterized the class I antigen found in patient sera and 
peritoneal dialysate (PD) fluid. 


Methods 


Sample Collection 


Sera were obtained from normal adult volunteer blood 
donors and transplant and end-stage renal disease (ESRD) 
patients. Peritoneal dialysates were obtained from ESRD 
patients undergoing therapeutic peritoneal dialysis. Sera 


592 


from all individuals were separated from the clot within 
3 hours of collection. Dialysate fluid was collected and 
concentrated approximately 25 times using a hollow fiber 
ultrafiltration unit immediately after dialysis. All samples 
were maintained at —20°C until analyzed. 


Preparation of Monoclonal Antibody 


Hybridoma cell lines AB 2.06 (anti-HLA DR mono- 
morphic), W6/32 (anti-HLA A, B, C), and L368 (anti- 
human BM) were obtained from American Type Culture 
Collection (Rockville, MD). Cell lines were placed into 
culture, expanded, and monoclonal antibodies were pro- 
duced in BALB/C mice. Monoclonal antibodies were iso- 
lated from ascites fluids using a goat anti-mouse immu- 
noglobulin G (IgG) column. Affinity-purified monoclonal 
antibodies were concentrated to | mg/mL. Purity was 
confirmed by electrophoresis in agarose. 


Column Chromatography 


Size chromatography was performed on a Sepharose 
CL 6B column (1.5 X 100 cm) equilibrated in and eluted 
with TRIS saline (0.05 mol/L [molar] TRIS, 150 mmol/ 
L [millimolar] NaCl, pH 7.3). Five milliliters of sample 
were applied to the column and eluted at a constant flow 
rate of 12 mL/hour by peristolic pumping. Four-milliliter 

-fractions were collected. The elution profile at 280 nm 
was monitored constantly with an ISCO UA-4 absorbance 
monitor (ISCO Instruments, Lincoln, NE). Class I antigen 
and BM were measured by ELISA. Class 2 antigen was 
measured by dot-blot immunoassay. 

Ion exchange chromatography was carried out using 2- 
diethylaminoethanol (DEAE) cellulose packed into a glass 
column (1.5 X 10 cm) and equilibrated with phosphate 
buffer 0.01 mol/L pH 7.3. A 15-mL sample containing 
the class I and class IJ antigens obtained from Sepharose 
CL-6B chromatography was loaded and the column was 
washed with equilibration buffer. Classes I and II antigens 
were eluted with a linear phosphate gradient (0.01 to 0.2 
mol/L). 


HLA-Beta> Microglobulin Association 


The association of HLA class I and class II antigens 
with BM was evaluated by solid-phase ELISA. For the 
capture of class I and class II antigens, two sets of poly- 
styrene beads (6.5 mm) were coated with purified mono- 
clonal anti-HLA class I (W6/32) and purified monoclonal 
anti-class I] (Ab2.06), respectively, as described below. In 
addition both monoclonal antibodies (W6/32 and Ab2.06) 
were conjugated with horseradish peroxidase by the 
method of Nakani.? BM was captured and detected with 
reagents obtained from INCSTAR. Under assay condi- 
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tions, 200 uL of the 50,000-dalton and 11,000-dalton 
fractions from Sepharose CL 6B chromatography and bo- 
vine serum albumin (BSA) were added to their respective 
wells. Antibody-coated beads (anti-class I, class II, and 
B-M) then were added to their respective wells and the 
reaction was incubated at 37°C for 1 hour. The beads 
were washed three times with distilled water and 200 uL 
of the appropriate peroxidase-labeled monoclonal anti- 
body was added. The reaction was incubated for | addi- 
tional hour at 37°C. The beads then were washed three 
times with distilled water and peroxidase activity was 
measured using 300 uL of O-phenylenediamine substrate. 
The enzyme reaction was carried out for 30 minutes at 
room temperature, terminated with HSO; (IN), and ab- 
sorbances were measured at 492 nm. Intensity of color 
was proportional to the concentration of the antigen under 
study. 


HLA A,B,C Purification by Immunoaffinity Chromatog- 
raphy 


Monoclonal antibody W6/32 was coupled covalently 
with cyanogen bromide-activated Sepharose CL-4B.!° 
Peritoneal dialysis fluid (25 L concentrated to 500 mL) 
from four individual patients was chromatographed on 
the anti-HLA A,B,C-Sepharose (2 X 10 cm) column at a 
flow rate of 100 mL/hour. The unbound proteins were 
removed by extensively washing the column with phos- 
phate-buffered saline (PBS, 150 mmol/L NaCl, 20 mmol/ 
L phosphate buffer, pH 7.3). Antibody-bound HLA was 
eluted with glycine HCl buffer (0.1 mol/L glycine, pH 
2.5). Fractions were neutralized immediately with | mol/ 
L dibasic sodium phosphate and dialyzed against PBS. 


Dot-blot Immunoassay 


Protein samples were dot blotted onto cellulose nitrate 
membranes using the procedure of Hawkes et al.'! Mem- 
branes were blocked with 3% gelatin in TRIS-buffered 
saline (20 mmol/L TRIS; 500 mmol/L NaCl, pH 7.5), 
followed by overnight incubation with monoclonal anti- 
HLA (W6/32). The membranes were washed thoroughly 
with TRIS-buffered saline, pH 7.5, containing 0.05% 
Tween 20, followed by incubation with peroxidase-labeled 
goat anti-mouse IgG for 2 hours. The membranes were 
again washed, as described above, and the color reaction 
developed using 4-chloro-1-naphthol as the horseradish 
peroxidase substrate in TRJS-buffered saline, pH 7.5, with 
0.01% H203. 


Protein Determinations 


Protein was quantitated using the protein assay kit BCA 
(bicinchoninic acid) from Pierce (Rockford, IL). 
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ELISA for Serum HLA A, B, and C Loci Antigens 


Human lymphocyte A, B, and C locus antigens were 
quantitated in all patient samples by a solid-phase ELISA 
sandwich procedure.'* Polystyrene beads (6.5 mm) were 
obtained from Precision Plastic Ball Co. (Chicago, IL) 
and coated with purified monoclonal anti- HLA (W6/32) 
at a concentration of 25 ug IgG per milliliter in PBS for 
3 hours with shaking at 37°C. Beads were washed with 
PBS and incubated for 2 hours at 37°C with 10% BSA in 
PBS to block nonbound reactive sights and reduce non- 
specific background reactivity. Antibody-coated, BSA- 
blocked beads were washed and stored in PBS containing 
sodium azide {1 mg/mL) at 4°C. Beads treated in this 
manner were very stable with less than 5% loss in antigen- 
binding reactivity during a 4-month period. New lots of 
beads were prepared as needed. With each assay six stan- 
dards, a control serum, and patient sera were analyzed in 
duplicate. Under assay conditions, 200 uL of standard, 
control serum, and test serum were added to their re- 
spective wells. An antibody-coated bead was added to each 
well and the reaction was carried out at 45°C for 1 hour. 
The beads then were washed three times with distilled 
water. Two hundred microliters of peroxidase-labeled 
monoclonal anti-B-M (INCSTAR Corp., Stillwater, MN) 
were added to each bead and incubated for an additional 
hour at 45°C, Beads were washed three times with distilled 
water; the color reaction for peroxidase activity was started 
by adding 300 uL of O-phenylenediamine substrate to 
each bead. The color reaction was terminated after 30 
minutes by the addition of 1 mL of HSO, (1N) to each 
tube. Absorbance was measured at 492 nm. The peroxi- 
dase activity was proportional to the HLA class I antigen 
concentration. 


ELISA for B2M Quantitation 


B.M was quantitated by the MEIA procedure on the 
IMX System of Abbott Diagnostics (Abbott Diagnostics, 
Abbott Park, IL). 


HLA Typing Trays and Neutralization Experiments 


Human lymphocyte antigen tissue typing trays for class 
I and class II antigens were obtained from Terasaki and 
Gentrak. Neutralization experiments used either affinity- 
purified class I antigen or BSA as the control. Alloantibody 
containing tissue typing trays were loaded with either 1 
uL of BSA or class I antigen. Trays were incubated for ! 
hour at room temperature. Immediately after the incu- 
bation the soluble HLA donor was tissue typed using the 
class I antigen-neutralized tray and its corresponding BSA 
control tray. A standard complement-mediated cytotox- 
icity reaction then was performed. A reaction was scored 
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as neutralized when a twofold (or greater) decrease in 
reactivity was observed. 


MLC Inhibition Assay 


A standard MLC reaction was performed with minor 
modification. Sixty microliters of both stimulator (mito- 
mycin C killed) and responder cells containing 2 X 10° 
mononuclear cells in minimum essential medium (MEM) 
with 20% fetal bovine sera were pipetted into 96-well tissue 
culture plates. Thirty microliters of affinity-purified, sa- 
line-dialyzed, millipore filter sterilized, soluble class I an- 
tigen from the stimulator cell donor at varying concen- 
trations is added to the appropriate microculture. Cultures 
were carried out for 4 days, at which time they were pulse 
labeled with tritiated thymidine. Cultures were harvested 
24 hours later using an automatic cell harvester. Incor- 
porated thymidine was counted by liquid scintillation. 
Changes in incorporated counts/minute were related to 
control counts per minute. 


Results 


`- Column Chromatography 


HLA class I, class II, and BM initially were located by 
dot-blot immunoassay in column fractions obtained by 
the chromatography of concentrated PD fluid and sera 
from ESRD patients on a Sepharose CL 6B column. As 
shown in Figure 1, class I, class II, and BM eluted in 
tubes C-1 through C-4 with an approximate molecular 
weight of 50,000 to 60,000 daltons. In addition BM also 
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Fic. 1. Dot-blot immunoassay for HLA (Class 1), Dr (Class H), and B.M 
chromatographed on Sepharose CL 6B. Analysts of each antigen started 
on column fraction Al. Alternate tubes were analyzed. Weak reactivity 
to HLA class I was identified in tubes Al, A2, and A3. The principal 
HLA class I peak was identified in positions C1-C5, BM demonstrated 
two primary peaks: one corresponded to the position of HLA (C1-C5), 
while a second primary peak eluted in tubes D1-D7. 
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eluted later with peak reactivity in tube D-3 and continued 
through tube D-7 with an approximate molecular weight 
of 11,000 daltons. 

More precise and quantitative measurements for class 
I antigen and BM subsequently were obtained by ELISA. 
As shown in Figure 2, class I antigen from ascites fluid 
was eluted within the albumin peak with an approximate 
molecular weight of 50,000 to 60,000 daltons. A minor 
class I peak also was identified at the void volume of this 
column (tubes 22 through 33). This may represent shed 
class I antigen in conjunction with cell membrane com- 
ponents. The primary HLA class I and B2M eluted in 
tubes 60 to 70. BM also eluted in tubes 78 to 90 free 
of HLA. 

The elution pattern for serum class I antigen and B,M 
is shown in Figure 3. Minor differences between serum 
and PD chromatographs were observed. In serum the class 
I antigen peak at the void volume of the column was 
consistently absent (Fig. 3). A minor class I peak at ap- 
proximately 110,000 daltons was. consistently present 
(tubes 52 to 62) and may represent a dimer. The primary 
class I and B.M peaks were essentially identical for these 
two columns (Figs. 2 and 3). These data indicate that 
HLA class J and B2M cannot be separated by size. 


DEAE Ion Exchange Chromatography 


Column fractions from Sepharose CL-6B chromatog- 
raphy containing class I and class II antigens were sub- 
jected to chromatography on DEAE (Fig. 4). Class I an- 
tigen eluted with an approximate phosphate concentration 
of 0.07 to 0.08 mol/L. Dot-blot analysis for class II dem- 
onstrated that it eluted in essentially the same position 
(data not shown). These data indicate that HLA class I 
and B.M cannot be separated by charge. 
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FIG. 2. Sepharose Cl 6B chromatography of PD concentrate. HLA pri- 
marily eluted in fractions 60-70. BM showed a biphasic elution pattern 
with the first peak corresponding positionally to that of HLA (molecular 
weight 50-60 kd). The second BM peak eluted in tubes 80-88 with an 
approximate molecular weight of 11 kd. 
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FIG. 3. Sepharose Cl 6B chromatography of serum. HLA principally 
eluted in fractions 60-70. A heavier species eluting in tubes 50-60 was 
identified and may represent a dimer. BM showed a biphasic elution 
pattern. The first peak corresponded positionally to that of HLA. The 
primary B.M peak eluted between tubes 70 and 85 with an approximate 
molecular weight of 11 kd. 
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Immunoaffinity Purification of HLA Class I Antigen 


HLA class I antigen was purified from six concentrated 
PD fluids from different patients by solid-phase affinity 
chromatography using monoclonal antibody W6/32 co- 
valently attached to Sepharose CL-6B. A typical purifi- 
cation is shown in Figure 5. Most of the protein passes 
through this column unbound. Analysis of the nonbound 
fraction revealed that it was free of class J antigen. Class 
I antigen was eluted with glycine HCI buffer. Rapid neu- 
tralization of the glycine-HCl-released class I antigen was 
essential and typical recoveries ranged from 70% to 90%. 


Solid-phase Cocapture Experiment for BoM Association 


To determine if B-M was complexed with the class I 
and class II antigens eluting from the Sepharose CL 6B 
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FiG. 4. DEAE fractionation of Sepharose CL 6B separated HLA. HLA 
and B.M coeluted from DEAE with a phosphate gradient between 9.07 
and 0.08 mol/L (molar). Neither HLA nor B,M were detected in other 
fractions. 
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Fic. 5. Immunoaffinity purification of HLA. HLA was purified from 
PD concentrate on a Sepharose CL 6B-anti-HLA column. HLA and 


BM coeluted with the elution buffer (glycine HCI, pH 2.5) (see arrow). 
All other PD proteins failed to bind to the affinity column (tubes 0-40). 


column, a solid-phase capture enzyme immunoassay was 
used (Fig. 6). Beads coated with monoclonal anti-class I 
antigen consistently captured class I antigen present in 
the 50-kd fraction and reacted with peroxidase-labeled 
anti-B>M. Anti-class I-coated beads failed to capture class 
II antigen. No reaction to class I-coated beads was ob- 
served with the 11-kd fractions. 

Beads coated with anti-B.M and developed with per- 
oxidase-labeled anti-B,M (noncompeting epitopes) re- 
acted with both class I antigen and B.M (Fig. 7) in the 
50-kd fraction. Free BM also was detected in the | 1-kd 
fraction. These data show that HLA class I and B-M an- 
tigens are complexed while HLA class II antigens are not, 
and BM also exists in free form with a molecular weight 
of 11 kd. 


EVALUATION OF HLA-BETA2 
MICROGLOBULIN ASSOCIATION 


BEAD ANTIGEN ANTIBODY ABSORBANCE 
ANTI-CLASS 1 50 KD FRACTION  ANTI-CLASS 1 0.056 
ANTI-CLASS 1 50 KD FRACTION  ANTI-82M 1.654 
ANTI-CLASS 1 50 KD FRACTION ANTI-CLASS 2 0.087 
ANTI-CLASS 1 50 KD FRACTION BSA 0.025 
ANTI-CLASS 1 11 KD FRACTION  ANTI-CLASS 1- 0.043 
ANTI-CLASS 1 11 KD FRACTION  ANTI-B2M 0.037 
ANTI-CLASS 1 144 KD FRACTION ANTI-CLASS 2 0.056 
ANTI-CLASS 1 11 KD FRACTION BSA 0.042 


Fic. 6. Solid-phase ELISA to determine HLA BM association. Polysty- 
rene beads coated with anti-class I captured class I antigen present in 
the 50-kd fraction from Sepharose CL 6B chromatography and was de- 
tected using peroxidase-labeled anti-B-M confirming their association. 
No reactivity was observed with peroxidase-labeled anti-class I, anti- 
class H, or BSA. There were no reactions between anti-class I and the 
11-kd fraction. 
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EVALUATION OF HLA-BETA2 
MICROGLOBULIN ASSOCIATION 
BEAD ANTIBODY ABSORBANCE 

ANTIB2M 50 KD FRACTION  ANTI-CLASS 1 0.569 
ANTIB2M 50 KO FRACTION ANTI-B2M 6.236 
ANTIB2M 50 KD FRACTION ANTI-CLASS 2 0.021 
ANTIB2M 50 KD FRACTION BSA 0.034 
ANTIB2M 11 KD FRACTION ~~ ANTI-CLASS 1 0.022 
ANTIB2M 11 KD FRACTION ~~ ANTI-B2M 1.132 
ANTIB2M 11 KO FRACTION ANTI-CLASS 2 0.032 
ANTIB2M 11 KD FRACTION BSA 0.025 


FiG. 7. Solid-phase ELISA to determine HLA B,M association. Polysty- 
rene beads coated with anti-B.M captured class I and B.M from the 50- 
kd fractions. Free BM was captured in the 11-kd fraction. 


Neutralization of Alloantisera with Soluble Affinity-puri- 
fied Class I Antigen 


As shown in Figure 8, 75% of the antisera reactive to 
A(9)24 and 60% of the antisera reactive to B(5)52 were 
neutralized by soluble class I antigen from patient 1. Sim- 
ilarly 20% of the antisera to A2, 25% to A33, 60% to 
B(22)55, and 100% to Cw3 were neutralized by soluble 
class II antigen from patient 2. Several additional reactions 
demonstrated a onefold decrease in reactivity but were 
not scored as inhibited. Anti-DR sera were not neutralized 
(Fig. 8). 


Effect of Soluble Class I Antigen on the MLC Reaction 


The addition of soluble HLA class I antigen from the 
patient used as a stimulator cell for two unrelated re- 
sponders virtually eliminated blast transformation in both 
cases (Figs. 9 and 10). 


INHIBITION OF PATIENT HLA TYPING WITH 
AFFINITY PURIFIED SOLUBLE HLA 


% of ANTISERA REACTIONS 


PHENOTYPE INHIBITED NEUTRALIZED 
PT=1 A 1 0 0/4 
A (9)24 75 3/4 
B 8 0 0/4 
B (5)52 60 3/5 
Cw 7 0 0/1 
DR 2 0 0/6 
DR 3 0 0/6 
PT=2 A 2 26 1/5 
A 33 25 1/4 
B (12)45 0 0/4 
B (22)55 60 3/5 
Cw 3 100 1/1 
DR 11 0 0/7 
DR 6 0 0/6 


Fic. 8. Inhibition of anti-HLA alloantisera with purified HLA. Purified 
HLA class I partially inhibited reactivity of alloantisera directed against 
known alloantigens. 
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SOLUBLE HLA INHIBITION OF THE MLC REACTION 
PATIENT HLA A2,(19)33/B(12)44,(22)55/DR 11,6 
RESPONDER #1 HLA A3,(19)29/B7,40/DR12,(6)13 


HLA CONC. 
ug/mi C.P.M. M.. %ol 
25.60 31.00 0.40 99.00 
12.50 32.00 0.40 99.00 
6.25 36.00 0.40 99.00 
0.00 2951.00 34.00 0.00 


Fic. 9. Effect of soluble HLA on the MLC reaction. HLA obtained from 
the stimulator cell donor completely inhibited blastogenic transformation 
in an unrelated responder cell 1, 


Discussion 


The presence of minute quantities of soluble HLA in 
human serum or plasma has been inferred since 1970.° 
For example normal human serum can neutralize anti- 
HLA serum.? Immunization with human plasma can in- 
duce the production of anti-HLA antibodies.'? Neverthe- 
less the technology to quantitate these molecules has not 
been available until recently. 


The role of soluble HLA in body fluids remains unclear, | 


but some studies have provoked considerable interest. A 
cell clone has been produced that secretes H-2 antigens 
without a cytoplasmic tail or transmembrane piece. Such 
H-2 antigens cannot attach to membranes. Similar H-2 
antigens were then found naturally in rat serum and rat 
liver.® 

In a series of experiments, Kamada and associates’ 
found that liver transplants survived indefinitely between 
some histoincompatible rat strains. This was associated 
with circulating rat transplant antigens from the liver 
donor.!4 

We reported factors in the serum of a human liver re- 
cipient that suppressed mixed lymphocyte reactions be- 
tween the recipient and donor.'? Subsequently HLA of 
donor phenotype has been shown to appear in the serum 
of liver recipients almost immediately after liver trans- 
plantation.*!¢ 

These observations led to suggestions that soluble HLA 
plays a role in maintenance of self tolerance,° prevention 
of autoimmune disease,'’ the rarity of hyperacute liver 
rejection,’° and the tolerogenic effect of liver transplan- 
tation.® 

Thus a better understanding of the biochemistry and 
physiology of soluble HLA seems important. Human 
lymphocyte antigen is present in the serum ofall humans: 
concentrations seem relatively stable in individuals, but 
some people carry concentrations several times greater 
than others. The average levels are approximately 300 to 
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400 ng/mL (unpublished observations). These concentra- 
tions are so small that the various manipulations required 
for detailed study are very difficult. However the use of 
spent PD to recover soluble HLA should prove advan- 
tageous. Although the concentration per milliliter is sim- 
ilar to serum, the average patient on permanent peritoneal 
dialysis discards about 10 L of such fluid daily. By rather 
simple concentration and purification techniques, milli- 
grams or even grams can be obtained. 

A great deal of very basic information in this type of 
study remains to be gathered. For example it is not certain 
that all allotypes comprising an individual’s phenotvpe 
are present in soluble form. Some evidence suggests that 
HLA-A9'® and HLA-A24!8!? may be secreted in larger 
quantities than other epitopes. The neutralization exper- 
iments presented here seem to support that concept be- 
cause all antisera reacting with the cells of the soluble 
HLA donor were not equally neutralized. However that 
assumption is not yet justified because the reactivity of 
each antiserum was not standardized. 

It was surprising to observe that the soluble HLA con- 
taining only class I antigen from the donor of the stim- 
ulator cell completely suppressed an MLC between that 
cell and a random responder. It has been thought that 
only class II HLA was required for stimulation of the 
blastogenic phase of the MLC. This observation was not 
due to differences in dilution, osmolarity, or pH, but again 
is preliminary because the specificity of the reaction has 
not been established adequately. 

It is clear that the liver is one source of soluble HLA, 
but it is also clear that it is not the only source. Some 
HLA probably comes from the breakdown of various cells. 
Because this material contains the transmembrane piece 
and the intracytoplasmic tail, it is, therefore, heavier. The 
chromatographic studies suggest that the bulk of material 
isolated was of the lighter species. 

The essence of this study was to demonstrate a ready 
source of an almost-unlimited quantity of HLA class I 


SOLUBLE HLA INHIBITION OF THE MLC REACTION 
PATIENT HLA A2,(19)33/B(12)44,(22)55/DR 11,6 


RESPONDER #2 HLA A3,(28)68/B7,(12)44/DR2,8 


HLA CONC. C.P.M. M.l. % 1 
ug/ml 
25.00 213.00 0.80 93.00 
12.50 107.00 0.40 96.00 
6.25 850.00 3.00 70.00 
0.00 2781.00 10.00 0.00 


Fic. 10. Effect of soluble HLA on the MLC reaction. HLA obtained 
from the stimulator cell donor completely inhibited blastogenic trans- 
formation in an unrelated responder cell 2. 
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antigen that can be used to clarify the role of soluble HLA 
in the biology of transplantation. 
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DISCUSSIONS 


DR. GIL DIETHELM (Birmingham, Alabama): The authors have made 
an important observation in that the peritoneal dialysate of patients with 
end-stage renal disease contains HLA classes I and II antigens and beta 
2 macroglobulin. ) 

They raise an interesting question, though, as to whether soluble HLA 
antigens in body fluids may play a role in immunologic tolerance. 

I would like to ask three questions. 

First have you had the opportunity to examine the peritoneal dialysate 
of patients after transplantation, and if so, does the fluid contain antigens 
of the allograft? In other words, the patient has a catheter in place; he is 
on CAPD. You know what the peritoneal dialysate antigen profile is, 
and then you get a transplant. Are the HLA antigens of the transplant 
present in the peritoneal dialysate? 

Second do you think the HLA antigens found in the peritoneal fluid 
are transudate, coming from the intravascular space, or are these antigens 
sloughed from the peritoneal lining? 

Third how might you use the purified HLA antigens from the peritoneal 
dialysate to achieve induction of adult tolerance? 


Dr. FRANK THOMAS (Greenville, North Carolina): I would like to 
make a few comments and follow up on Dr. Diethelm’s comments re- 
garding the use of this system in the future for the development of human 
tolerance. | 

Dr. McDonald has identified a large source of soluble HLA antigens 
that has potential for future application in transplant tolerance. Peter 
Medawar first noted that histocompatibility antigens in soluble form 
provide tolerogenic signals to the recipient; whereas aggregated antigens 
such as those obtained with Freund’s adjuvant mixtures produced im- 
munogenic signals. 

Working in Dr. David Hume’s lab in 1972, our group modified tech- 
niques for solubilizing histocompatibility antigens. As seen on this slide, 
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we are able to demonstrate that the soluble antigens were quite effective 
in combination with limited immunosuppression in promoting allograft 
survival in animals. 

I note also that the soluble antigen preparations were far more effective 
than the donor substance used most commonly clinically for inducing 
tolerance, namely, blood. These results were consistent with Medawar’s 
hypothesis that solubilizing cellular alloantigens might increase their to- 
lerogenic potential. 

Finally, when we applied this system to a vascularized cardiac allograft 
model, we were able to show significant graft prolongation with soluble 
antigen preparations. These studies and others have led to optimism 
regarding the potential for induction of tolerance to soluble HLA antigen 
preparations. 

Clearly one of the major objectives in this area is to obtain sufficient 
quantities of these antigens for tolerance induction. 

Techniques that we use include three-molar KCL extraction and son- 
ication potentially denaturing condition for membrane antigens. 

The isolation of native soluble antigen, as done by Dr. McDonald 
here, presumably shed from the surface of cells, would be an attractive 
method for obtaining HLA antigens. | 

! In this paper, Dr. McDonald may well have set the stage for the future 
application of techniques for inducing tolerance using soluble antigen 
preparations obtained from peritoneal dialysate. 

I have three questions for Dr. McDonald. 

John, do you have any idea as to whether a system of inducing tolerance 
with soluble antigens could be used after transplant or would require, 
instead, pretransplant conditioning of the recipient? Pretransplant con- 
dittoning of the recipient remains a significant logistic limitation for 
cadaveric transplantation. 

Our early studies in dogs suggested that pretransplant conditioning of 
the recipient was necessary and, thus, this system may have limitations 
in human cadaveric transplantation. Do you see things that way? 

Should pretransplant conditioning prove to be necessary, one way to 
apply this to the cadaveric situation would be to administer a ‘cocktail’ 
of class I and class II antigens that would cover the vast majority of 


598 GELDER AND OTHERS 


potential HLA incompatibilities. Would this be an appropriate way to 
approach this problem? 

What is your concept of the mechanism of the allogeneic unrespon- 
siveness induced by soluble HLA antigens? Do the soluble antigens act 
to induce tolerance by eliciting idiotypic antibady responses, formation 
of soluble antigen antibody complexes that can block T-cell or K-cell 
function, or are there other mechanisms involved? 

The paper represents an important contribution to our future attempts 

toward induction of stable transplant tolerances, as mentioned by Dr. 
Diethelm in the human, a sort of ‘Holy Grail’ of organ transplantation 
that has yet to be achieved. 


Dr. J. W. ALEXANDER (Cincinnati, Ohio): Dr. McDonald and his 
colleagues continue to advance the state of the art in transplantation 
research. The studies presented today reveal a ready and probably inex- 
haustible source of HLA antigen that might have many uses. These in- 
clude a source antigen for production of monoclonal antibodies, a highly 
purified protein for sequencing and eventual production of large quantities 
of HLA antigen’ by recombinant technology, and production of large 
quantities of HLA antigen for studies in transplantation biology. 

- The last of these is perhaps of the most interest because many of us 
working in the transplantation field think that specific tolerance can be 
produced by the administration of donor antigens given in just the right 
way with immunosuppressive drugs before actual transplantation. 

In fact recent studies have shown that the administration of donor 
antigen only 24 hours before the time of transplantation in concert with 
cyclosporin and/or other drugs may be an effective modality, leading to 
the possibility that this could be used in cadaveric transplantation. 

They also may have an important role in desensitizing, if you will 
allow broad use of the term, patients who have existing antibody against 
HLA antigens. 

I have only two questions. First why was there unequal distribution 
of neutralization of antisera reacting against the soluble donor HLA 
antigens in your studies? And second why did class I antigen totally 
suppress the MLC reaction? 


DR. RANDY BOLLINGER (Durham, North Carolina): There has been 
a renewed interest among transplant surgeons and immunologists in 
humoral factors. We have that renewed interest because of the difficulty 
in transplanting our sensitized patients and the possibilities of xenotrans- 
plantation and tolerance induction for the future treatment of our pa- 
tients. 

Dr. McDonald and colleagues have found a humoral, that is, a soluble 
form of histocompatibility antigen that might be useful in several of 
these respects. But as Dr. Thomas has noted, you have to give the antigen 
at just the right dose, in just the right form. It can not be aggregated; it 
must be soluble. It must be given at the right time for it to work. 

The fact that tolerance has these requirements raises certain questions 
that I would like to direct to the authors. The first of these is specificity. 

You have shown in your paper an element of specificity for a particular 
donor and recipient. But to understand that this antigen is functioning 
in a specific immune way, we would have to see a panel of MLC reactions 
to know that, in fact, it would not have a similar effect in other MLC 
combinations. Do you have any data yet on other MLC reactions? 

I have a question about concentration. Beta 2 microglobulin concen- 
tration varies with certain disease states, such as renal failure or urinary 
tract infection. Is there some variation in ccncentration of soluable his- 
tocompatability antigen seen in your patients when you tested this? Is 
the concentration of this soluble histocompatibility antigen in any way 
a predictor of immune responsiveness of the patients? 

Would it, for example, in the post-transplant patient predict who would 
be likely to reject, as opposed to tolerate, the new graft? 

I share the interest of Dr. Alexander in the MLC reaction. I wonder 
why this reaction that is ordinarily attributed to a class H antigen difference 
is so abruptly blocked by a soluble class I antigen. 
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Dr. FRANK GELDER (Closing discussion): I have about five pages of 
notes to discuss, along with a very intriguing application for transplanters, 
and I would like to start with Dr. Diethelm. 

Concerning the PD fluid itself, we have currently measured the HLA 
in some 40 or 50 patients; however, after transplantation, we have not 
examined the allospecificity of the fluid to determine if it is capable of 
coming from the kidney. 

One piece of data that has been looked at frequently 1s out of Pittsburgh. 
This along with other groups who have looked at liver transplantation 
have shown fairly clearly that in the liver transplant patient or animal 
model that is under study, once they get past the surgery and the surgical 
problems associated with the transplant itself, the animal does very well. 

Recently they have shown in humans that there is an allospecificity 
change after transplantation in which human sera of the recipient, both 
the recipient allospecificity and the donor allospecificity, are present. 

We do not know whether the kidney carries that kind of mass. My 
theory is that based on the fact that kidneys continually need immu- 
nosuppression throughout their course of transplantation, there is not a 
large enough antigen load produced by the kidney to maintain the state 
of low-dose tolerance in the patient. 

Where does the soluble HLA come from in PD fluid? I suggesi that 
it is similar to that of albumin and comes from the bloodstream. Now 
if you recall our slides, in PD fluid we did have a small blip of HLA 
antigen with molecular weight in the neighborhood of 1,000,000 kd, one 
1,000,000 daltons. That small blip may be from macrophages or lining 
cells in the peritoneal cavity itself; whereas the majority of the material 
had a 50,000-kd molecular weight. I theorize it is just transversing the 
capillary beds, as albumin would. 

How would you use it to produce tolerance? Right now we are working 
on an animal model system. One of the things that is clear is that we 
can not get very large amounts of class I antigen using the monoclonal 
column that we are now using. The area that most intrigues us is pro- 
ducing clonal deletion using avenca alkyloid in conjunction with the 
soluble HLA or an I’?! tracer with soluble HLA in an attempt to delete 
clonally. 

In that fashion, one would not necessarily need to produce tolerance 
and maintain it for years or for the life of the graft. 

The data scattered through the literature on clonal deletion ts fairly 


- sparse, principally because it has been fairly unsuccessful. That will be 


our initial thrust on using soluble HLA in these model systems. 
Dr. Thomas you asked if soluble material can result in tolerance in 


‘the renal transplant. We do not know that now. We do not know the 


dose coming out, and we have not measured for that. In that system, 
though, we are working on it and we have four monoclonals to alloantigen 
domains in humans to show an alloantigen shift. What we need to have 
is not only a monoclonal to the backbone determinate but also mono- 
clonals that effectively discriminate allospecificity between individuals. 
We just do not have that yet. 

The mechanism of action of potential tolerance that is possible, I 
think, is a low-dose tolerance effect. 

In particular in the liver recipients, low-dose tolerance could be main- 
tained easily by the shedding of alloantigens from the donor. That has 
been shown to be the case in about 60% of the patients who have received 
liver transplants from one group. 

Relative to the neutralization of the human alloantibodies that we are 
using, what we have looked at are both our in-house panels, pterosaki 
panels, And as you are probably aware, the strength of that typing serum 
varies tremendously. So an anti-Al in one well may be ten times the 
concentration in anti-Al in another well. 

Initially we were pleased to see that the material that we had isolated 
had allospecificity that corresponded to some of the alloantigens of the 
donor. To do that experiment correctly, we need to obtain the appropriate 
alloantisera and block titrate it so that we can do effective neutralization 
based on chromicrogram HLA, regardless of the source from which it 
is coming. 

Why did class I suppress MLC? As most investigators working in 
transplantation immunology know, the MLC ts contributed principally 
to reactivity of class II antigens. We did not expect this reaction, but I 
could give you two or three guesses as to why it occurred. 

We clearly get anti-class I both from T-cell and B-cell reactions in our 
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patients, because we can measure them. We can measure an increase in 
blast transformation against these, as well as antibody production. But 
from the classic standpoint at this time, we do not have a definitive 
answer for that to explain the problem. 

Dr. Bollinger, you are correct. We need to have additional data on 
ether mixed lymphocyte culture reactions not only to define firmly the 
specificity of this reaction but also to define the dose of soluble HLA 
recessary to turn off the mixed lymphocyte culture reaction. We also 
need to obtain data relative to all HLA antigens equally as immunogenic, 
if looking at them in the MLC, or toleragenic if looking at turning off 
the MLC. l 

We have two additional experiments that duplicate this with MLCs 
but we do not have a complete battery as you suggested, although we 
are moving toward that. 

We have some preliminary information regarding the soluble HLA 
class I in three conditions: normal, end-stage renal disease, and transplant 
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patients. We do not have retrospective studies of our transplant patients 
to see what happens at the time of transplantation, out 1 year. These are 
random samplings at varying times within the first 3 to 6 months during 
the course of the transplant. 

The end-stage renal disease patients we have not divided into categories 
of hemodialysis versus peritoneal dialysis. However, when we ran statistics 
on this, clearly ESRD and transplant patients are higher than normal, 
with a probability value of 0.05 or greater. So there may be some pos- 
sibilities of using this as a predictor. Of course it is very early in its 
development. 

Hopefully we can give you some additional data on how this can be 
effectively used, not only in disease monitoring but also in potential 
Immunosuppression therapy next year. 

I have answered your last question, Dr. Bollinger, relative to what is 
a block: the mixed lymphocyte culture. If you have any hypotheses on 
this, we would like to hear that. 
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The use of mammography has resulted in 1464 breast biopsies 
for nonpalpable abnormalities at the University of Virginia in 
the 10 years 1980 to 1989. Two hundred sixty-four cancerous 
lesions (18%) were found. One hundred seventy-eight of these 
(67%) were in situ lesions. Invasive cancer (86 of 264 lesions or 
33%) forms the basis for this report. Mammographic findings 
leading to biopsy were a mass in 61 of 86 cases (71%), micro- 
calcifications in 23 of 86 (27%), or both in 2 of 86 cases. His- 
tologic subtypes were infiltrating ductal (63 of 86), infiltrating 
lobular (14 of 86), and other infiltrating (9 of 86). Mastectomy 
was performed in 71 of 86 lesions (82%), lumpectomy /radiation 
in 14 of 86 (16%), and lumpectomy alone in 1 of 86 lesions. 
Division of the tumors into size with nodal status revealed 19 of 
86 lesions (22%) less than 0.5 cm with 0 of 14 positive nodes. 
Thirty-nine of eighty-six lesions (46%) measured 0.6 to 1.0 cm 
with 10 (26%) positive nodes. Twenty-eight of eighty-six lesions 
(32%) measured more than 1.0 cm with 8 of 28 (28%) positive 
nodes. Nodal status is unknown for eight patients. Overall 18 
of 78 lesions (23%) had positive nodes. Median follow-up is 44 
months. Disease-free survival rate is 92% (79 of 86 patients) 
and overall survival rate is 94% (81 of 86 patients). Six of seven 
` recurrences occurred in node-positive patients. For those with 
negative or unknown nodes, the disease-free survival rate is 98% 
(67 of 68 patients). These findings emphasize the benefit of early 
detection of breast cancer through the use of mammography. 


CREENING FOR BREAST cancer by the use of mam- 
mography has resulted in the detection of an in- 
creased number of noninvasive cancers as well as 
the discovery of small invasive Jesions. These nonpalpable 
invasive cancers unfortunately demonstrate a significant 
number of nodal metastases and therefore the term ‘min- 
imal breast cancer,’ as described by Gallager and Martin 
in 1971,' should not be applied to these lesions. It is the 
purpose of this paper to evaluate a series of nonpalpable 
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invasive breast cancers diagnosed at the University of 
Virginia from 1980 to 1989 and correlate the character- 
istics of tumor size, histology, and nodal status with out- 
come. Recommendations regarding management can be 
made as a result of this evaluation. 


Materials and Methods 
Patients 


From 1980 to 1989 at the University of Virginia, 1464 
women had evaluation and biopsy of clinically occult 
nonpalpable breast lesions. All lesions were excised using 
Kopan’s wire mammographic directed needle localization 
as previously described.” Two hundred sixty-four were 
malignant, with 177 (67%) of them determined to be in 
situ lesions (ductal carcinoma in situ or lobular carcinoma 
in situ). Invasive cancer was present in 86 patients (33%). 
These women with invasive cancer form the basis of this 
study. i 


Mammography and Pathologic Status 


Mammography was performed for the entire study pe- 
riod with film screen techniques. Mammograms of all 
study patients were reviewed and the predominant finding 


_ leading to biopsy classified as a mass or density, clustered 


microcalcifications, or both. The pathologic status of all 
cases was reviewed to confirm the diagnosis of invasive 
cancer. Tumor size in this study is defined as the maximal 
diameter as measured grossly or histologically. Nine cases 
were excluded from detailed histopathologic analysis be- 
cause the slides from these cases were unavailable for re- 
view. 
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Follow-up 


Follow-up status and treatment decisions were reviewed 
retrospectively. Data were obtained from hospital and 
physician charts and tumor registry information. Most of 
the patients are followed regularly in the Surgical Oncol- 
ogy Clinics at the University of Virginia (UVA). For those 
currently not followed at UVA, follow-up status was de- 
termined by direct patient and physician contact. Follow- 
up is expressed in months from initial diagnosis to date 
of last known contact. 


Results 
Patient Characteristics 


Invasive cancer was present in 86 of 1464 (6%) non- 
palpable lesions. Age ranged from 36 to 83 years (median, 
62 years). Mammographic findings that prompted biopsy 
were clustered microcalcifications in 23 (26%), solid mass 
or density in 61 (71%), and both in 2 (3%) (Table 1). Local 
management of the breast was total mastectomy (simple 
or modified radical) in 71 (83%), wide excision plus ra- 
diation therapy in 14 (16%), and wide excision alone in 
1. Wide excision plus radiation was used more widely in 
recent years. Axillary lymphadenectomy (level I/II) was 
combined with mastectomy or lumpectomy in 78 patients 
(90%). Factors leading to the decision not to perform ax- 
wary lymphadenectomy included advanced age, physician 
recommendation, and patient refusal. 

Histology showed infiltrating ductal carcinoma in 63 
patients (73%), infiltrating lobular in 14 (16%), and other 
infiltrating in 9 (10%). Tumor size ranged from 0.2 to 2 
cm. Overall 18 of 86 women (20%) with nonpalpable in- 
vasive breast cancer had nodal metastases. Table 2 outlines 
the relationship of tumor size and nodal involvement. 


TABLE |. Characteristics of 86 Patients with Nonpalpable 
Invasive Breast Cancer 


Characteristic n 


Mammographic finding 


Clustered microcalcifications 23 

Mass/density 6] 

Both 2 
Histology 

Infiltrating ductal 63 

Infiltrating lobular 14 

Other infiltrating 9 


Local Therapy 
Total Mastectomy (simple or 
modified radical) 


Lumpectomy/radiation 71 
Lumpectomy alone 14 
Axillary dissection {with | 
lumpectomy or 
mastectomy) 78 
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TABLE 2. Tumor Size and Axillary Nodal Status in 86 Women with 
Nonpalpable Invasive Breast Cancer 


Number of Number of 
Tumor Number Axillary Positive 
Size Total Dissection Nodes 
<0.5 cm 19 14 0 
0.6-1.0 cm 39 36 10 (26%) 
>1.0 cm 28 28 8 (28%) 
Total 86 78 18 (21%) 


Nineteen women had tumors less than 0.5 cm, of whom 
14 had axillary dissection and none had nodal metastases. 
Thirty-nine women had tumors measuring 0.6 to 1.0 cm, 
of whom 36 had node dissection and 10 (26%) had positive 
nodes. All 28 with tumors larger than 1 cm had node 
dissection with 8 (28%) of them testing positive. 


Follow-up 


Follow-up ranges from 6 to 120 months (median, 44 
months). Seventy-nine of eighty-six patients remain free 
of disease at last follow-up. Tumor recurred in seven 
women. Six of seven recurrences occurred in women with 
nodal metastases at the time of diagnosis. Time to recur- 
rence from time of diagnosis ranged from 8 to 100 months 
(median, 14 months). Recurrence based on nodal status 
is outlined in Table 3. The disease-free survival rate for 
women with known negative or unknown axillary nodes 
is 98% (67 of 68 women) and for those with positive nodes 
the rate is 67% (12 of 18 women). The single disease event 
in the node-negative group was the development of a rap- 
idly progressive contralateral new primary breast cancer 
15 months after diagnosis of the original lesion. 

Adjuvant therapy was not administered to most of the 
women with negative nodes. One premenopausal woman 
with negative nodes was treated with adjuvant combi- 
nation chemotherapy (cyclophosphamide, methotrexate, 
and 5-fluorouracil) and four postmenopausal women re- 
ceived adjuvant tamoxifen. 


Discussion 


This study outlines the findings in a group of women 
with invasive breast cancer detected by mammography 
while the lesion was nonpalpable. The data raise a number 


TABLE 3. Follow-up Status for Women with Nonpalpable 
Invasive Breast Cancer 


Number 
Node Status Total Recurred % DFS* 
Negative 60 i 98% 
Unknown 8 0 100% 
Positive 18 ő 67% 


* Median follow-up, 44 months. 
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TABLE 4. Relative Incidence of In Situ (LCIS or DCIS) and Invasive 
Cancers in Series of Biopsies of Mammographically Detected 
Clinically Occult Breast Lesions 


In Situ Invasive 
Study n Lesions (%) Lesions (%) 
Tinnemans’? 151 34 66 
Schwartz! 330 31 69 
Papatestas!‘ 149 40 60 
Symmonds!> 72 18 . 82 


Univ. of Virginia* 264 67 33 


* Reported in present series. 


of issues including the effectiveness of mammography in 
reducing breast cancer deaths, the need to biopsy many 
benign lesions, and the treatment of these women, in- 
cluding the use of axillary dissection and adjuvant therapy. 

The report by Egan’ in 1960 spurred the increase of 
mammography for breast cancer detection, leading to the 
National Breast Cancer Demonstration Detection Project 
in the 1970s.* Long-term results showed that 42% of can- 
cers in women older than 50 years were found by mam- 
mography alone and that the mortality rate was decreased 
by 27% for screened women. Other studies demonstrated 
a survival benefit for women who undergo periodic breast 
cancer screening, including Henson’s’ recent report of 
decreased mortality rate in women in the Bay area since 
1973 attributed to screening. Smart® recently published a 
complete review of the role of mammography in breast 
cancer. 

The detection of these cancers requires that many be- 
nign lesions be biopsied. The incidence of positive biopsies 
for suspicious mammographic findings ranges from 15% 
to 30%.’ The high rate of negative biopsies has prompted 
some to question screening programs and cost-benefit 
studies have been recently presented. Techniques to re- 
duce the number of negative biopsies are under active 
‘Investigation. The most promising is stereotactic localized 
fine-needle aspiration biopsy. Certainly the high rate of 
negative biopsies can be justified if there is improved out- 
come for women with mammographic-detected breast 
cancer. 

Interestingly the high negative biopsy rate for nonpalp- 
able lesions has seldom been compared to that of palpable 
lesions not amenable to cytologic evaluation. In our in- 
stitution 1464 biopsies for suspicious mammograms 
yielded 264 cancers (18%). In the period 1988 to 1989, 
the positive-biopsy rate for palpable lesions not amenable 
to fine-needle cytology was 20%. Lay’ reported a 15% 
positive-biopsy rate for palpable lesions at the University 
of Florida. Spivay!® and Shapiro!' reported similar find- 
ings. | 

Active breast screening has increased the number of 
cancers detected by mammography and has changed the 
distribution of cancer types. From 1968 to 1978, 4% of 
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cancer at UVA were detected by mammography com- 
pared to 45% from 1988 to 1989. Of 264 nonpalpable 
cancers in this series, fully two third were in situ lesions. 
This compares to palpable lesions, of which 90% are in- 
vasive. Others have also reported a higher proportion of 
in situ lesions in recent series (Table 4). The preponder- 
ance of in situ lesions seen in our series may be explained 
by the 18% positive-biopsy rate compared to 29% to 31% 
in others.!2-'4 

We found that most lesions that proved invasive ap- 
peared as a mass or density on mammogram. In many 
series clustered microcalcifications are the more common 
finding for malignancy. This difference may be due, in 
part, to the fact that this series only includes invasive can- 
cers. In situ lesions are more consistently associated with 
microcalcifications. Many series of mammographic find- 
ings group invasive and in situ lesions together. 

The histologic makeup of this series is not unusual, 
with 73% infiltrating ductal cancer. It 1s of particular in- 
terest that there is no difference in histologic type or nu- 
clear grade in those lesions measuring less than 1 cm. 
This supports the notion that these are truly invasive can- 
cers that differ from larger lesions in size only. 

In this series 21% of women had nodal involvement. 
Other studies also report a significant incidence of nodal 
metastases in nonpalpable invasive breast cancer (Table 
5). The incidence is 0% to 7% for lesions smaller than 0.5 
cm and up to 25% for those measuring 0.6 to 1.0 cm. 
These figures demonstrate that Invasive cancer can be 
found by mammography while it is small and localized 
to the breast. The data also emphasizes that small invasive 
cancers metastasize with distressing frequency and that 
invasive cancer cannot be labeled ‘minimal breast cancer’ 
on the basis of size alone. | 

Most of the women in this group were treated with 
mastectomy. Multiple factors entered into the deci- 
sion process. The incidence of mastectomy for these 
small lesions is high but corresponds with other reported 
series.'*-'? Breast-conserving surgery was more broadly 
applied in the latter years of this series. Level I/II axillary 


TABLE 5. Incidence of Nodal Metastases in Women with 
Mammographically Detected Invasive Breast Cancer 
from Reported Series 


Inclusion Node 
Study Criteria n Positive (%) 

Schwartz}? Nonpalpable 167 33 
Tinnemans!? <0.5 cm 13 7 
0.6-1.0 cm 24 12 
>1.0 cm 44 29 
Ciatto!® <1.0 cm 34 2 
=1.0 cm 79 18 
Univ. of Virginia <0.5 cm 19 0 
0.6-1.0 cm 39 26 
=1.0 cm 28 28 
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dissections were performed in 90% of these women, with 
the findings outlined above. Because cf the implications 
for postsurgical therapy and survival, and because the in- 
cidence of nodal metastases is significant, we endorse per- 
forming level I/II axillary node dissection in nonpalpable 
invasive breast cancer. 

The survival of these women correlated with nodal sta- 
tus. With a relatively short median fcllow-up period of 
44 months, 98% of those with negative or unknown nodes 
were disease free. Recurrence in 33% of women with pos- 
itive nodes corresponds to expected figures for node-pos- 
itive disease. This underscores the seriousness of the dis- 
ease regardless of tumor size or method of detection. 

The high disease-free survival (DFS) rate for node-neg- 
ative or unknown nodal status women corresponds closely 
with other recently reported series. Tinnemans!? and 
Ciatto!® had 90+% DFS at 10 years. Carter!® reported 
98% 5-year DFS, Rosen!’ 86% 20-year DFS, and Rosner’? 
96% 7-year DFS. Node-negative women in general do 
worse in these series of small lesions. A recent analysis of 
node-negative breast cancer by Henderson,” including 
the control arms of randomized studies of adjuvant ther- 
apy, showed that 5-year DFS is only 65% to 75% for all 
node-negative women. Studies of adjuvant therapy have 
shown benefit for women with negative nodes who receive 
adjuvant therapy. The findings in this paper question 
whether data from these controlled series can be extrap- 
olated to all women with node-negative invasive breast 
cancer. This study and others demonstrate that adjuvant 
therapy is not necessary for the subset of women with 
node-negative invasive breast cancer whose tumors are 
small and nonpalpable. 


Summary 


Mammographic screening for breast cancer detects 
nonpalpable invasive breast cancer as well as a high pro- 
portion of in situ lesions. Detecting cancer at this small 
size results in lower breast cancer mortality rates. The 
presence of axillary node metastases in more than 20% 
of women with nonpalpable invasive breast cancer sup- 
ports the need for axillary dissection and emphasizes that 


DISCUSSIONS 


DR. JERRY M. SHUCK (Cleveland, Ohio): This presentation from the 
University of Virginia lends itself to comparison to other such surveys 
of mammographically discovered nonpalpable breast lesions. 

Last month at the Western Surgical Association, we presented our 
experience with 1144 needle localization biopsies. We found an incidence 
of 25% malignancy rate, compared to this recently presented paper, in 
which the incidence was 18%. The authors noted that they have found 
that as well, and they think it will decrease for th2 rest of us. 
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this is not minimal breast cancer. The correlation of size 
and node status with excellent survival rates identifies a 
subset of women with node-negative breast cancer who 
are not candidates for adjuvant therapy. 
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If we are becoming more discriminating in whom we biopsy, why 
should that rate decrease? Our series showed that 75% of the cancers 
were Invasive and 25% were in situ. This is similar to most studies. 

Could explain why you only had a 33% incidence of invasive cancer 
versus 75% in most of the other series. Are we all talking about the same 
lesions? Do we have the same criteria? 

You suggest that adjuvant therapy is not necessary even though the 
follow-up is short. Despite the fact that I really want to agree with that, 
do your data support that conclusion? 

The correlation of pathologic findings with the x-rays may help plan 
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management. Note on the slide that the calcifications are in younger 
patients. Those are generally not invasive cancers. Do they all need a 
biopsy? Is that the reason the rate is so low? Are we becoming so careful 
and perhaps even fearful that some of these are being biopsied? 

This slide shows that although the benign calcifications occur in youn- 
- ger patients, age does not seem to affect the incidence of invasive cancer 
when a mass was seen. This is the mammographic finding of a mass, 
which has a high incidence of invasive cancers. 

Do you have any other predictors from your oeae expe- 
rience? Recently we submitted data, which is not yet published, from a 
large series with long follow-up, all of whom had mastectomy. That 
study shows that even tumor size may not be as reliable a predictor for 
survival as we thought. That is because we corrected for node status, 
and we could not get probability values from a very large data base. 

However your tumor sizes are subdivisions of nonpalpable lesions, 
which makes this even more interesting than our study and a unique 
aspect of your study. 

I do look forward to the long-term follow-up of this important series. 


Dr. SHELTON HORSLEY (Richmond, Virginia): This is a wonderful 
example of what can be accomplished with really high-class, high-grade 
mammography, namely, the early detection of relatively small nonpalp- 
able breast cancers, which for the most part have a very good prognosis. 
Dr. Wilhelm has very carefully noted that there is a significant incidence 
of regional node metastasis, even though these lesions are small. Therefore, 
a regional node dissection should be done. 

The techniques for needle localization, we also use the Kopans wire. 
Originally we used the injection of methylene blue dye. We have not 
been completely satisfied with the Kopans wire, so we have asked our 
radiologists also to inject a blue dye. One of our bright radiobiologists 
checked the methylene blue and discovered, much to our surprise, that 
the methylene blue will cause a falsely low hormone receptor value in 
your cancer. We have switched to isosulfan blue which has no effect on 
the hormone receptor determination. We use both the Kopans wire and 
the dye and have been very satisfied. 

I would also like to ask Dr. Wilhelm several questions. 

Have you been able to study other parameters? Granted it is a small 
specimen, but have you been able to study these specimens to determine 
the estrogen receptor levels and also possibly flow cytometry? It is hoped 
that some of this will give us additional information that will help us 
determine whether these patients would benefit from adjuvant therapy. 

Do you have any data with regard to the risk factors of these particular 
patients involved in this study? What percentage of these had a cancer 
of the opposite breast and which patients were at high risk, from the 
standpoint of family history, having a first-degree relative with breast 
cancer? 


Dr. MARSHALL URIST (Birmingham, Alabama): I would like to ask 
one of the same questions, that is, what is the ideal retrieval rate or ratio 
for positive diagnoses? Our positivity rate at UAB is also 26% and we 
are not sure if that is high enough. We would like to even make it higher 
and, of course, that places a burden on those who will follow lesions that 
are indeterminate. 

Related to this, have there been any changes in the rate of positive 
responses over the years? 

I understand that you are biopsing the same number of cases, but are 
you getting any smarter each year? Is your positivity rate increasing? We 
have not seen that change occur. 

And, last, one of the differences related to in situ versus invasive lesions 
addresses an additional component of patients who benefit from this 
procedure, and that is those who have different forms of atypia. These 
women learn that they are at higher risk for the development of a ma- 
lignancy and should be followed more closely. What is your percentage 
of patients who have this finding? 


Dr. ROBERT HUMMEL (Cincinnati, Ohio): One of the problems of 
being last discussant is that most of the points have been touched on, 
but I do want to add my voice to those who have congratulated Dr. 
Wilhelm for his interesting paper. 
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I would like to focus on the incidence of his stage 0 in situ lesions. It 
has been mentioned that the 67% rate is high, but it is about twice as 
high as any reports that I have seen in the past and is certainly higher 
than our rate. 

This is an old slide that goes back several years, at which time we had 
about 33% stage 0 carcinomas, with an incidence of about 19% positive 
predictive value (PPV) on nonpalpable breast lesions discovered by 
mammography. At that time we thought this was a relatively high figure 
and a few people even wondered about our friendly pathologist. 

When we looked at this 2 years ago, our figure was even a little higher. 
But we notice that our predictive value had decreased considerably, and 
this worried us. Since that time we have had the radiologist grade all of 
these lesions on a scale of 1 to 20, from benign to malignant, and have 
a much better idea about their real evaluation of these lesions. 

Our data now has increased to 19%, but PPV stage 0 has decreased 
to about 32%. I will say that of our stage 0 lesions, we include those 
invasive tumors that are smaller than 0.5 cm, as many people do. So 
our figures, if we removed those lesions from our analyses, would be 
even lawer and nowhere near the 67% rate. 

Do you, Dr. Wilhelm, have any other explanation for the high incidence 
of stage 0 lesions? You have already mentioned the low percentage of 
lumpectomy irradiation done in these patients. Is that the choice of the 
patients? If they are offered both procedures, is there a significant trend 
toward doing more lumpectomy cases in these relatively small lesions? 

And, finally, without getting into the whole question of treatment of 
minimal breast cancer, do you believe axillary dissections should be done 
on these very small lesions that measure 0.5 cm or so and show only 
one microscopic area of invasion? 

There has been some sentiment lately that those patients have such a 
low, 1% or less, incidence of lymph node involvement that a node dis- 
section is not necessary. 


Dr. STEPHEN EDGE (Closing discussion): Judging by the response 
from the audience, this is a process that we must all deal with on a daily 
basis and is becoming quite cumbersome to many surgeons. 

Dr. Shuck told me earlier today about one of his faculty members 
who does seven to eight of these breast biopsies every Friday afternoon. 

Dr. Shuck asked particularly whether, with our increasing discrimi- 
nation on mammography, we are decreasing the number of negative 
biopsies. And I think this is a very important question because more 
and more women are having screening mammograms or more and more 
women are being forced to undergo i invasive procedures of an open breast 
biopsy. 

We are becoming somewhat more discriminating in that the last 12 
months our positive rate has been 24%. However our overall series rate 
of 18% corresponds with that of other large series. 

For instance the Scott White Clinic reported a positive rate of 14% in 
a large series presented at this Association in 1986. 

Furthermore it 1s difficult to classify the degree of suspicion on mam- 
mograph criteria. And I think many of the different scales that have been 
suggested have failed to prove useful. 

Furthermore a high positive rate is not necessarily good, in that po- 
tentially you will miss a large number of cancers by not biopsing relatively 
low-suspicion lesions. And we are fooled all the time in that a very high- 
suspicion lesion is benign and a low-suspicion lesion is malignant. 

We need research to lower the number of negative biopsies that are 
done so that we minimize the number of operations that are done and, 
perhaps, convince more women to have screening mammography. 

One technique that is under active investigation around the world, 
including at the University of Virginia, is the use of stereotaxic localized 
fine-needle aspiration cytology. This technique has been reported by the 
Swedes to allow biopsies to be done with an 85% positive rate with no 
breast cancers missed in the group that was not biopsied. 

A number of discussants have asked, including Dr. Shuck, why we 
only had 33% invasive cancers. We do have a very high incidence of in 
situ lesions in this series. And, incidentally, those are approximately 
equally divided between lobular carcinoma in situ and ductal carcinoma 
in situ. And, therefore, we are including lobular carcinoma in situ as a 
malignancy. 

I da not think we have any real explanation. It is double the rate of 
any other reported series in the literature that I have seen. 
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Dr. Shuck appropriately asked if our short follow-up data appropriately 
support the statement that these patients should not receive adjuvant 
therapy. We recognize that the short duration of the follow-up in this 
study is a serious drawback. We submitted this report because of the 
paucity of the data in the literature on small invasive cancers. 

However we would like to point out that this length of follow-up is 
the same length of follow-up as reported on adjuvant trials by the NSABP 
in which 3- to 4-year disease-free survival was only 70%. Again we must 
qualify that by recognizing that with these very small lesions, recurrences 
might occur later. 

In support of our findings, however, a number of recent reports of 
long-term follow-up of small T-{ lesions smaller than 1 cm, of 85% at 
18 years by Rosen, 95% from an Italian group at 10 years, and 91% at 
7 years by Rossener. 

Unfortunately, Dr. Horsley, we are unable to evaluate other factors 
such as estrogen receptors or flow cytometry, and so on. During the 
period of the study, we are not doing immunocytochemistry on these 
lesions, and the flow cytometer was not available for the majority of this. 
And many of these lesions are so small that pathologists are afraid that 
they will destroy the ability to-make the diagnosis at all, as, of course, 
you well know. 

Also, it is very difficult in a retrospective study such as this to identify 
those risk factors, such as family history, that are important. None of 
these women had cancer in the opposite breast. 
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Dr. Urist, you asked what is the ideal retrieval rate, and I think I have 
addressed that question. It is very difficult to determine which women 
to biopsy. We are taking a very aggressive stance to diagnose very many 
early lesions. We do not know what the percentage of atypia is, at least 
I do not have that data with me. 

The question of breast conservation surgery is an important one. We 
consider that breast conservation is the ideal for all women. Obviously 
it is not appropriate for every woman. Some women will choose mas- 
tectomy plus or minus reconstruction. Other women will perhaps not 
be ideal candidates for this, but we have moved very aggressively toward 
breast conservation, both in this group of women and in women 
with larger breast cancers. And there is clearly a trend in our data 
toward more broad use of breast conservation surgery in the last few 
years. l 

Axillary dissection gives important prognostic information. The pres- 
ence of axillary node positivity makes these cancers no longer minimal 
breast cancer, and they must be treated as any other stage II breast cancer. 

And for that reason we have taken the posture that women with these 
small invasive breast cancers should undergo level I and level II axillary 
lymph node dissection so we may eliminate adjuvant therapy for those 
women with negative nodes. 

I do not think we can answer adequately the question of whether the 
specific subset of women with a tumor smaller than 0.5 cm should have 
lymph node dissection. 
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Between March 1989 and August 1990, we performed 21 stapled 
J pouch ileoanal procedures (20 ulcerative colitis [UC], 1 familial 
polyposis [FP}) without an ileostomy in 19, of whom 13 were 
taking prednisone and eight underwent semi-emergent surgery 
for uncontrollable bleeding. During the same time, an additional 
four patients required a standard ileoanal procedure. The results 
of anal manometry and clinical function were compared to 25 
patients who had previously undergone mucosal stripping and a 
sutured J pouch ileoanal anastomoses with a temporary diverting 
ileostomy between October 1982 and August 1990. During this 
same time period, an additional 19 patients underwent an anti- 
peristaltic reversed J pouch and 18 an S pouch, for a total of 83 
ileoanal procedures. The reversed J pouch had a lower stool 
frequency than a standard J pouch but had an unacceptable in- 
cidence of complications and problems with pouch emptying. 
The S potich had a stool frequency similar to the standard J 
pouch but provided greater length in patients with a short mes- 
entery. Stapled J pouch ileoanal patients had a better (p < 0.02) 
maximum anal sphincter resting pressure (46 + 11 versus 34 
+ 12 mmHg), fewer (p < 0.05) night-time accidents (22% versus 
68%), daytime (17% versus 55%) or night-time (28 versus 61%) 
spotting, or use of a protective pad at night (11% versus 42%) 
than nonstapled J pouch ileoanal patients. Stool frequency was 
similar in the two groups. All but one UC patient had residual 
disease at the anastomosis. Anal mucosa between the dentate 
line and stapled anastomosis was 1:8 + 1.3 cm (range, 0 to 3.5 
cm). Complications in thé nonstapled J pouch group included 4 
pouches excised (2 for complications, 2 for excessive stool fre- 
quency), 1 pelvic abscess, 2 stenosis requiring dilation under 


. anesthesia, 1 enterocutaneous fistula after ileostomy closure, 1 


ileostomy site hernia, and 2 small bowel obstructions. Of the 65 
patients who underwent ileostomy closure in the entire seriés, 8 
(12%) developed a complication requiring surgical intervention. 


‘Complications in the stapled group included 1 anastomotic leak, 


1 pouch leak, and 1 pelvic abscess. Patients were managed suc- 
cessfully with drainage (all 3) and diverting ileostomy (1). One 
patient developed stenosis requiring dilation under anesthesia. 
The stapled J pouch ileoanal anastomosis is a simpler, safer 
procedure with less tension than a standard handsewn J pouch 
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but leaves a very small cuff of residual disease. It provides sig- 
nificantly better stool control and may obviate the need for an 
ileostomy with its complications. 


LTHOUGH THE ILEOANAL procedure originally 

was proposed by Nissen in 1933’ and further 

evaluated by Ravitch and Sabiston’ in 1947, it 
was not until the late 1970s that the procedure began to 
achieve clinical popularity.*~> Although children seem to 
tolerate a straight ileoanal procedure,° most studies have 
shown that construction of an ileal pouch is necessary to 
decrease stool frequéncy to an acceptable number in 
adults.”® Martin and Fischer?” initially demonstrated im- 
proved stool control when the anal transition zone was 
left intact with the mucosal stripping begun 1 to 2 cm 
above the dentate line. Recent British studies proposed 
that the ileoanal procedure can be done more safely and 
expeditiously, and provide significantly better stool con- 
trol, using a stapled technique.'°-!3 Kmiot and Keighley” 
suggested that the operation might be performed without 
a diverting, protective ileostomy, except in steroid-depen- 
dent patients. Our first stapled ileoanal procedure ap- 
peared to be similar to a low anterior resection, where a 
diverting ostomy is rarely used. Because an ileostomy and 
its subsequent closure also have been associated with sig- 
nificant risks of complications,'* it seemed appropriate to 
perform the operation without a diverting ileostomy when 
the situation warranted it. 


Materials and Methods 


Total abdominal colectomy with a mucosal proctec- 
tomy and ileal pouch-anal anastomosis was Initiated at 
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the Medical College of Virginia in October 1982. As of 
September 1990 we had performed 83 ileoanal procedures. 
The operation was initially constructed using the J pouch 
developed by Utsunomiya’? and popularized at the Mayo 
Clinic.”'!© Because of problems with excessive stool fre- 
quency and Incontinence in some patients with a standard 
J pouch, a reversed J pouch with an antiperistaltic ‘spout’ 
was constructed in 19 patients. The S pouch, developed 
by Parks et al.,* was used in 18 patients, especially if there 
was tension in bringing either the J pouch or reversed J 
pouch to the dentate line of the anal canal for anastomosis. 
Thus the handsewn ileoanal anastomoses included 25 J, 
19 reversed J, and 18 S pouches. 

As a result of the British studies demonstrating im- 
proved continence using a stapled ileoanal procedure with 
preservation of the anal canal,!°-'? all patients referred 
for total colectomy for ulcerative colitis or familial pol- 


yposis after March 1989 were considered for this opera- 


tion. From this date to September 1990, 21 patients un- 
derwent the stapled ileoanal procedure, of whom 20 had 
ulcerative colitis and one familial polyposis. After the first 
case in which the operation appeared to be as safe as a 
standard low anterior resection, we decided to perform 
the procedure without a diverting, protective ileostomy 
when there had been no technical problems. 


Nonstapled Operative Procedure 


The total abdominal colectomy, mucosal proctectomy 
was performed in a standard fashion, with the rectum 
dissected toward the /evator ani muscles from an abdom- 
inal approach and the mucosal stripping begun at the 
dentate line from the perineal approach.’ In contrast to 
the stapled technique, no effort was made to expose the 
levator ani muscles. The rectum was not everted during 
this dissection and every effort was made to avoid excessive 
stretch or injury to the anal sphincter muscles. Before 
dissection the rectum was irrigated with 1000 mL 1% 
neomycin solution. Exposure for the mucosal dissection 
was aided with the use of Gelpi retractors placed perpen- 
dicular to each other at the anal verge and injecting the 
submucosal tissues with saline containing 1:100,000 epi- 
nephrine. 

The ileum was transected immediately proximal to the 
ileocecal valve with an ILA-52® stapler (3-M Corp., St. 
Paul, MN). Each limb of the J pouch was 15 cm long and 
a side-to-side anastomosis constructed with several ap- 
plications of the ILA-52 stapler (15 patients) or a two- 
layer, running 2-0 polyglycolic acid suture (10 patients). 
The pouch was anastomosed to the dentate line of the 
anal canal with several interrupted 2-0 polyglycolic acid 
sutures. A flat, 10-mm Jackson-Pratt® drain (American 
V. Mueller Corp., Chicago, IL) was placed on either side 
of the ileal pouch and brought out through stab wounds 
in both lower quadrants above the inguinal ligament. Each 
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drain was removed when it produced less than 10 mL of 
fluid for two 8-hour nursing shifts or if a pelvic radiograph 
revealed it to have become displaced out of the pelvis into 
the general peritoneal cavity. 

In an attempt to reduce stool frequency, an antiperi- 
staltic reversed J pouch was constructed in 19 patients. 
A standard J pouch was constructed as described and the 
ileum transected 5 cm proximal to the pouch after the 
mesentery was divided as far proximally as possible. The 
pouch was rotated 180 degrees and anastomosed to the 
afferent ileum; the efferent ileum was anastomosed to the 
dentate line. This procedure required a greater mesenteric 
mobility than the standard J pouch. An S pouch was con- 
structed in 18 patients either to study the effect of a greater 
pouch compliance on stool frequency (12 patients) or be- 
cause it provided greater mesenteric length if a standard 
J pouch ileoanal anastomosis was under too much tension 
(six patients). The S pouch was handsewn with three 10- 
cm ileal limbs and 2 cm of efferent ileum anastomosed 
to the dentate line. 

In all instances a modified loop ileostomy was brought 
out in the right lower quadrant with the functional stoma 
constructed using an everted Brooke technique and the 
nonfunctional stoma placed at skin level. The ileostomy 
was closed after a barium enema documented healing of 
the 1leoanal pouch and there was no evidence of stricture 
or sinus tract at the ileoanal anastomosis. This ranged 
from 4 to 60 weeks, with a median of 7 weeks after the 
ileoanal procedure. 


Stapled Operative Procedure 


The total abdominal colectomy and proctectomy were 
performed in a manner similar to the nonstapled proce- 
dure, except that a meticulous effort was made to dissect 
the rectum down to the levator ani muscles. A Roticu- 
lator® 30 disposable surgical stapler (Auto Suture Co., 
Norwalk, CT), using 3.5-mm staples, was placed across 
the rectum as close to the levator ani muscles as possible; 
this was aided by pulling the rectum proximally and hav- 
ing an assistant push the perineum superiorly using a 
closed fist (Fig. 1). After closing the Roticulator® stapler, 
the operating surgeon donned an additional glove and 
inserted an index finger into the anal canal to be certain 
that the stapler was close to the anal verge (and dentate 
line). If it was not, additional dissection of the rectum 
was undertaken and the above maneuvers repeated until 
its placement was considered satisfactory. 

The J pouch was constructed with two 15-cm limbs 
using two applications of an ILA-100® (3-M Corp.) stapler 
placed through the apex of the pouch (Fig. 2). A 2-0 poly- 
propylene purse-string suture then was placed at the apical 
opening of the J pouch and the anvil of the disposable 
Premium CEEA® 31 (Auto Suture Co., Norwalk, CT) was 
inserted within the pouch and the purse-string suture tied 
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Fic. 1. Roticulator® 30 stapler with 3.5-mm staples placed across the 
rectum as close to levator ani muscles as possible with the rectum pulled 
proximally and the perineum pushed superiorly. 


down. A Premium CEEA® 28 stapler was used in the first 
patient but subsequent experience documented that a 31- 
mm stapler could be used routinely if a sufficiently large 
opening was made in the apex of the J pouch. 

The Premium CEEA® 31 was placed into the anal canal 
with the needle inserted on the central bar but retracted 
into the stapler. The needle then was advanced, taking 
care to place it through or as close to the Roticulator® 30 
staple line as possible (Fig. 3). The needle was removed 
and the CEEA® 31 anvil within the J pouch connected 
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to the CEEA® 31 stapler, taking care to bring the J pouch 
into the pelvis without twisting (Fig. 4). The CEEA® 31 
stapler was closed and fired once, as hard as possible, when 
the green dot was visualized in the handle (Fig. 5). The 
CEEA® 31 handle was unscrewed three full turns and the 
stapler firmly, but gently, removed. This was difficult at 
times because four rows of staples (one on either side of 
the J pouch and one on either side of the anal stump) 
were crossed and transected with the CEEA® 31 instru- 
ment. The CEEA® 31 then was examined for intact 
‘doughnuts,’ taking care to do so before removing them 
from the instrument, because the doughnuts will pull apart 
with excessive traction at the staple lines. The doughnut 
on the anal side of the anastomosis was routinely sent for 
pathologic examination. The ileal mesentery usually was 
taughtly applied to the retroperitoneal tissues. The mes- 
entery was sutured to the posterior peritoneum in one 
patient to prevent an internal hernia. Jackson-Pratt® 
drains were placed as in the nonstapled ileoanal patients. 

A #28 red rubber tube then was inserted into the ileal 
pouch from below and 100 to 200 mL saline darkly col- 
ored with methylene blue were instilled with the afferent 
limb digitally occluded, searching for leaks at the ileoanal 
or the J pouch anastomoses. An adult-sized sigmoidoscope 
then was inserted to evaluate the’ anastomosis and to 
measure its distance from the dentate line. 

After our first case using the stapled technique, a di- 
verting ileostomy was not constructed if the ileoanal or J 
pouch anastomoses were considered to be perfect. Fur- 
thermore no nasogastric tube was inserted unless the pa- 
tient developed postoperative abdominal: distension or 
nausea and vomiting. Once the patient began passing fla- 
tus, the diet was rapidly advanced: warm clear liquids 
followed by a general diet the next day and discharged 
the following day. The median postoperative hospitaliza- 
tion was 9 days. 

If the stapling technique was not feasible for anatomic 
or technical reasons, a standard mucosectomy was per- 
formed and the ileal pouch anastomosed to the dentate 
line with interrupted 2-0 polyglycolic acid sutures. The 
ileal pouch was not constructed until it was determined 
whether a J pouch could be anastomosed without exces- 
sive tension; if not a hand-sewn S pouch was constructed 
because it provided greater length. 


Measurement of Anal Sphincter Pressures 


Anal manometry was performed with a pneumohy- 
draulic capillary perfusion system, using a Statham® pres- 
sure transducer (Gould Inc., Oxnard, CA) connected to 
a Hewlett Packard® recording system (Palo Alto, CA). A 
triple lumen poly-viny! catheter with an external diameter 
of 4.8 mm was used with two orifices located 3 cm apart 
and positioned radially in the axis of the two. The per- 
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Fic. 2. Construction of J 
pouch with 15-cm limbs us- 
ing two applications of ILA- 
100® stapler. 


fusion rate was 0.5 mm/minute. The central lumen was 
attached to a balloon with a 150-mL maximum volume, 
which was used to distend the ileal pouch. The catheter 
was passed into the pouch and withdrawn through the 
anal sphincter using the standard puli-through method 
with the orifices positioned to record the maximum resting 
pressure of the anal sphincter. The patient then was asked 
to voluntarily squeeze the anal sphincter and maintain 
the squeeze for as long as possible. The balloon was in- 
flated and deflated in increments of 10 mL of air and the 
patient asked to report the onset of rectal sensation during 
incremental distention. The resting sphincter pressure was 
defined as the mean of the resting pressures from each 
port during two successive station pull-through. With the 
catheter positioned in the sphincter to record the maxi- 





FiG. 3. Insertion of the Premium CEEA® 31 stapler through the anus 
with the needle passing through the rectal cuff as close to the Roticulator® 
staple line as possible. Insert shows removal of the detachable needle 
from the CEEA® 31 stapler. 
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mum resting pressure, the mean of three successive max- 
imum squeeze pressures was recorded. 


Patient Questionnaire 


Patients were sent a questionnaire by mail and asked 
to return the completed form to the nurse practitioner. 
Questions relevant to this report included the most, least, 
and average number of daytime stools; the most, least, 
and average number of night-time stools; the number of 
accidents during the day or night; the frequency of spotting 
(defined as soilage the size of a quarter) during the day or 
night; the need to wear a perineal pad; and the necessity 
of using medications such as Immodium® (McNeil Con- 
sumer Products, Ft. Washington, PA) or powdered fiber 
supplements (e.g., Metamucil® [Procter & Gamble, Cin- 
cinnati, OH]) to thicken the stool. 


Evaluation of Postoperative Rectal Bleeding 


All patients who complained of postoperative bloody 
diarrhea underwent outpatient examination with a rigid 
pediatric sigmoidoscope or disposable anoscope. Pouchitis 
was defined as bloody diarrhea associated with inflam- 
mation of the ileal pouch, which responded to oral anti- 
biotic therapy with either metronidazole 250 mg twice 
daily or Bactrim-DS® twice daily. Residual ulcerative co- 
litis of the anal canal was defined as inflammation (friable, 
bleeding tissue) of the anal canal between the dentate line 
and the anastomosis in the stapled ileoanal patients. 


Data Analysis 


All data are expressed as mean + standard deviation 
and were analyzed by analysis of variance using the Sta- 
tistical Analysis System (Cary, NC) program. Percentage 
differences between patient groups were compared using 
Fisher’s exact test. A difference was considered significant 
at p < 0.05.’ 
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Fic. 4. Connection of the J pouch to the anus with the Premium CEEA® 
31 anvil held in the pouch with 2-0 polypropylene purse-string suture. 
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Results 


Although the antiperistaltic reversed J pouch provided 
significantly less stools per day than a standard handsewn 
J pouch (4.8 + 1.8 versus 7.0 + 3.3, p < 0.05), it had an 
unacceptable incidence of problems with evacuation and 
the need for pouch catheterization to achieve adequate 
emptying, as well as a number of serious complications, 
which in two instances were life threatening (Table 1). 
For these reasons the reversed J pouch procedure was 
abandoned. Stool frequency with the S pouch (8.1 + 3.6) 
was not significantly different than the standard J pouch. 
Furthermore five of the S pouch patients also needed to 
use a silastic catheter to achieve adequate evacuation. 
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Therefore the S pouch was used only when a J pouch 
provided inadequate length. 

As of March 1989, all patients were considered to be 
candidates for the stapled ileoanal procedure with pres- 
ervation of the anal canal. In two patients the operation 
could not be performed because the Roticulator® 30 in- 
strument could not be placed below pre-existing diseased 
tissue. a large polyp in one patient with familial polyposis 
and a rectovaginal fistula in a patient with ulcerative co- 
litis. The stapled technique had to be abandoned in two 
patients because of technical complications, disruption of 
the Roticulator® 30 staple line during insertion of the 
CEEA® instrument per anus and injury to the anal canal 
at the level of the /evator ani muscle that prevented ap- 
plication of the Roticulator® stapler. In each of these four 
patients, a mucosal stripping to the dentate line was per- 
formed with a hand-sewn ileoanal J pouch in one patient 
and S pouch in three obese patients, because of the need 
for additional length. Ileoanal anastomotic tension was 
never a problem when the stapled technique was used. 


Stool Control 


The stapled ileoanal J pouch patients had significantly 
better maximum resting anal sphincter pressures (Fig. 6) 
and stool control (Fig. 7), especially at night (Fig. 8), than 
did those who underwent mucosectomy and a sutured 
ileoanal anastomosis at the dentate line. There were no 
differences in mean or maximal squeeze pressures between 
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Fic. 5. Completed stapled ileoanal anastomosis. Insert shows the prox- 
imity of anastomosis to the dentate line. 
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TABLE |. Complications After [leoanal Anastomosis 


Stapled J Nonstapled Reversed J S 

Complication (n=21) J(m=25) (n=19) (n= 18) 
Cuff abscess, sinus 

tract, leak 2 2 2 3 
Pouch-buttock 

fistula 1% — 2 
Pouch-vaginal fistula — — om 
Pelvic abscess i | l 
Stenosis l 2 2 
Small bowel 

obstruction — 2 l 
Pouchitis 4 5 4 
Inflammation of the 

anal canal 
Pouch removed — 


| OA ma BQ a 


a 
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* Occurred in same patient who had an anastomotic leak. 


the two groups. None of the sutured patients and only 
one of the stapled patients had receptive relaxation noted 
with anal manometry. This was our first patient, who had 
the longest residual anal canal (3.5 cm) in the series. There 
were significantly fewer accidents or spotting at night in 
the stapled group and only one stapled patient wore a 
perineal pad at night, in contrast to 42% of the nonstapled 
patients (Fig. 8). 


Stool Frequency 


There was no significant difference in stool frequency 
between the two groups. The usual numbers of stools per 
24 hours were 7.0 + 3.3 (5.3 + 2.6 in the day, 1.6 + 1.5 
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FiG. 6. Bar graph demonstrating significantly higher maximum resting 
anal sphincter pressure with stapled anastomosis (n = 13), as compared 
to mucosectomy with Heoanal anastomosis sutured at the dentate line 
(n = 16). 
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FIG. 7. Bar graphs demonstrating only significantly less daytime spotting 


with stapled anastomosis as compared to mucosectomy with J pouch 
sutured to the dentate line. 


at night) in the nonstapled group and 7.9 + 2.6 (5.8 + 1.8 
in the day, 2.1 + 1.4 at night) in the stapled group. There 
were also no significant differences between the two groups 
in the most (12.0 + 4.2 nonstapled versus 13.1 + 4.4 sta- 
pled) or least (4.5 + 2.1 nonstapled versus 5.0 + 1.9 sta- 
pled) total number of stools per day. More of the stapled 
patients (50%) than nonstapled (20%) patients were taking 
Imodium® to decrease stool frequency (p < 0.05). Ap- 
proximately one half of each group were using Metamucil® 
to thicken the stool. The slightly increased number of 
stools and greater use of Imodium® in the stapled group 
may have been due to the shorter time interval between 
their surgery and assessment as compared to the nonsta- 
pled group, in which some of the patients had undergone 
surgery up to 8 years previously. 


Residual Disease 


Every attempt was made to dissect the rectum as close 
to the levator ani muscle as possible in the stapled group. 
This technique improved with experience. In the first pa- 
tient, the distance between the dentate line and the anas- 
tomosis was 3.5 cm. All but one patient had evidence of 
residual disease in the anal canal at the anastomosis, as 
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Fic. 8. Bar graphs showing significantly better night-time stool contral 
with stapled ileoanal anastomosis as compared to mucosectomy with J 
pouch sutured to the dentate line. 
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noted both by pathologic examination of the anal ‘dough- 
nut’ and by anoscopy. The length of the anal canal be- 
tween the anastomosis and the dentate line measured at 
postoperative anoscopy averaged 1.8 + 1.3 cm (range, 0 
to 3.5 cm). 

Three patients had symptoms attributable to acute in- 
flammation in the diseased anal canal. This lasted ap- 
proximately 6 months in one patient, responded to 0.5 
steroid enema twice daily, and has been in remission for 
the past 12 months. The other two patients’ symptoms 
of bleeding and burning were relieved with 0.5 Rowasa® 
(Reed-Rowell, Marietta, GA) enema daily. Each of these 
patients had severe refractory ulcerative colitis with 
bleeding before their stapled ileoanal procedures. The five 
other patients who underwent the stapled ileoanal pro- 
cedure for fulminant colitis have not had symptoms at- 
tributable to inflammation of the anal canal. 

Stapled ileoanal procedures were performed for three 
patients with severe dysplasia; mild dysplasia was noted 
at the margin of the anastomosis in one of these patients. 
There was no evidence of dysplasia in the rectal “‘dough- 
nuts’ of the other 20 stapled ileoanal patients. 


Pouchitis 


Four of the stapled ileoanal patients have had symptoms 
of pouchitis (Table 1) that were associated with inflam- 
mation of the ileal pouch on endoscopy and responded 
to metronidazole (250 mg twice daily) in three and Bac- 
trim-DS® (Roche Laboratories, Nutley, NJ) twice daily 
in one; one of these patients requires metronidazole ther- 
apy on alternating 2-week intervals for recurrent symp- 
toms of pouchitis. Five of the nonstapled ileoanal J pouch 
patients have developed pouchitis (Table 1); all have re- 
sponded to metronidazole or Bactrim-DS®. One patient 
has had frequent, recurrent episodes necessitating anti- 
biotic therapv on alternating 2-week intervals for the past 
4 years. 


Tleostomy Use and Complications: Stapled Group 


The procedure was performed without a covering ile- 
ostomy in all but 2 of the 21 patients. They were the first 
patient who underwent the procedure and the 14th pa- 
tient, in whom a leak was identified at the anastomosis 
after instillation of methylene blue. Each of these patients 
subsequently underwent ileostomy closure after a barium 
enema demonstrated satisfactory healing of the pouch and 
the ileoanal anastomosis. 

Of the patients who did not have fecal diversion, 13 
were taking prednisone, and eight underwent semi-urgent 
surgery for uncontrollable bleeding. One of these patients 
also was severely malnourished (albumin, 2.2 g/dL) and 
developed a leak at the ileoanal anastomosis on the fourth 
postoperative day manifested by fever, tachycardia, and 
abdominal pain (Table 1). He underwent emergency con- 
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struction of a diverting ileostomy and abdominal irrigation 
with a subsequent uneventful recovery. An abscess de- 
veloped in his right buttock, which was drained and noted 
to communicate with the ileoanal anastomotic disruption. 
The fistula appeared to resolve with local wound care and 
the anastomosis appeared intact on barium enema so that 
the ileostomy was closed. Six months later the ileoanal 
pouch—buttock fistula recurred, with periodic drainage of 
gas and stool, refractory to local wound care, and neces- 
sitating ileostomy reconstruction and surgical debride- 
ment of the fistula. 

The one patient with familial polyposis who had un- 
dergone the stapled technique developed a leak from the 
stapled J pouch itself (not the ileoanal anastomosis) im- 
mediately after removal of a Jackson-Pratt® suction cath- 
eter, which was manifested by severe pain and stool noted 
in the remaining suction catheter. The patient was ex- 
plored, but severe adhesions prevented construction of an 
ileostomy. The patient was fed with total parenteral nu- 
trition with subsequent healing of the pouch fistula. A 
third patient with ulcerative colitis, but which was not 
steroid dependent, manifested a pelvic abscess 3 weeks 
after the stapled ileoanal procedure. At the time of re- 
exploration, methylene blue was inserted per anus into 
the ileoanal pouch and no leak could be detected. The 
abscess was drained and subsequently the patient has had 
no further complications in the 1.5 years since surgery. 

One of the patients in the stapled J pouch group initially 
had excessive stool frequency, problems with leakage, and 
the need to wear a perineal pad. This patient had the 
lowest anastomosis in the entire stapled group, constructed 
at the dentate line. Anal manometry revealed a very low 
resting pressure but a good ‘squeeze’ pressure. During the 
course of | year, the patient gradually developed better 
stool control; however he still has frequent accidents and 
is the only patient who needs to wear a perineal pad at 


night. 


Complications: Nonstapled Group 


In the nonstapled J pouch group, two patients required 
removal of the ileoanal pouch because of excessive stool 
frequency and inadequate control (Table 1). The pouch 
was removed in two other patients as a result of compli- 
cations early in the series: one from bleeding from pelvic 
veins and one from bleeding at the ileostomy anastomosis, 
which was treated at another hospital with radiographic 
bead embolization leading to subsequent necrosis of the 
ijleoanal pouch. One patient developed a pelvic abscess 
that required drainage. Two patients required dilation of 
ileoanal anastomotic stenoses (Table |). One patient in 
the standard J pouch group developed an enterocutaneous 
fistula after ileostomy closure (Table 2). There were three 
other enterocutaneous fistulas in the series after ileostomy 
closure: one with a reversed J pouch and two with an S 
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TABLE 2. Ileostomy Complications 


Complication Nonstapled J Reversed J S  Stapled J* 

No. Patients l 25 19 18 2 
Enterocutaneous 

fistula l 1 2 ~—— 
Ileostomy anastomosis 

bleed l — — _—_ 
Ileostomy anastomosis 

disruption — ] — — 
Ileostomy site hernia — I I — 


* Nineteen patients underwent a stapled J pouch without ileostomy. 
Eight of sixty-five patients had ileostomy-associated complications. 


pouch. Two patients developed ileostomy site hernias. 
Thus 8 of 65 patients (12%) who underwent ileostomy 
closure developed complications that required surgical 
intervention (Table 2). Three patients developed small 
bowel obstructions requiring laparotomy and adhesiolysis; 
two of these were in the standard J pouch group (Ta- 
ble 1). 


Discussion 


This study confirms the results of several British se- 
ries!*-'? that after a total abdominal colectomy, an ileal 
pouch—anal anastomosis stapled immediately above the 
levator ani muscles is a procedure that is technically much 
easier and provides significantly better stool control than 
an ileoanal anastomosis sutured at the dentate line after 
a mucosectomy. During development of the ileoanal pro- 
cedure, it was initially thought that the entire rectal mus- 
cular cuff was required to preserve adequate sensation for 
control of defecation.* However placing an ileal pouch 
within this long rectal cuff was associated with a high in- 
cidence of pelvic sepsis.* Shorter and shorter amounts of 
rectal muscle were preserved and the technique of mucosal 
stripping was performed entirely from the perineal direc- 
tion to just above the /evator ani muscle. No deterioration 
in anal sphincter function was seen and a lower incidence 
of pelvic sepsis was achieved.” 


Stool Control 


Martin and Fischer® were the first to note improved 
stool control after preservation of the columns of Mor- 
gagni above the dentate line, often called the anal tran- 
sition zone. Significantly better anal sensation and dis- 
criminatory function also were noted by Holdsworth and 
Johnston”’ after a sutured end-to-end ileoanal anastomosis 
with preservation of the anal transition zone than after 
mucosal proctectomy with endoanal anastomosis. A sim- 
ilar improvement in anal sensation after preservation of 
the anal transition zone, which was not clinically signif- 
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icant, also was noted in a small series of patients by Miller 
et al.!? On the other hand, Keighley et al.'? did not find 
any impairment in discrimination after excision of this 
zone; however only six patients were studied who had the 
anal transition zone preserved in contrast to 15 who had 
it excised. Lavery et al.” also noted a significantly greater 
resting anal sphincter tone with better stool control with 
the stapled ileoanal technique. This group also noted that 
50% of their patients had preservation of the rectoanal 
inhibitory reflex. Even a straight ileoanal anastomosis 
without construction of a pouch was associated with per- 
fect anal continence when a mucosal cuff was preserved, 
as contrasted to a 30% incidence of significant inconti- 
nence after mucosectomy.’”’ Our patients also had signif- 
icantly better maximal resting anal sphincter pressures 
(Fig. 6) and stool control (Fig. 7), especially at night (Fig. 
8), when the anastomosis was constructed at the /evator 
ani muscles, thus preserving the anal transition zone, as 
compared to an endoanal mucosectomy with the anas- 
tomosis at the dentate line. In contrast to the study by 
Lavery et al., only one of our stapled ileoanal patients 
had evidence of receptive relaxation, or preservation of 
the rectoanal inhibitory reflex. 


Risk of Persistent Disease Activity 


The greatest concerns with procedures that preserve 
any tissue above the dentate line are the potential prob- 
lems for continued disease activity and the possibility of 
malignant transformation. In the comments after a recent 
series reported using the stapling technique, it was stated 
that no residual diseased mucosa was left.” This is the 
group, however, who noted receptive relaxation in 50% 
of their patients,” a finding we only found in one patient 
and he had the longest (3.5 cm) residual anal canal. In 
our series residual ulcerative colitis was noted microscop- 
ically at the anastomosis in all but one of our stapled 
patients. Three of the stapled patients had problems with 
rectal bleeding and burning, which were controlled with 
small amounts of either a steroid or Rowasa® enema. It 
1s certainly possible that other patients in whom we have 
performed this procedure could develop disease reacti- 
vation in the future. Bloody diarrhea in these patients can 
be secondary to either pouchitis or inflammation of the 
residual anal canal. Pouchitis has been thought to be sec- 
ondary to overgrowth of anaerobic bacteria within the 
ileal pouch and usually responds to antibiotic therapy with 
either metronidazole or Bactrim-DS®.”* Four of our sta- 
pled ileoanal patients developed symptoms of pouchitis 
that have responded to antibiotic therapy, an incidence 
that is not different from the nonstapled patients. 

In a recent report from the Mayo Clinic, Lohmuller et 
al.”* noted that extraintestinal manifestations of inflam- 
matory bowel disease were frequent after the ileoanal pro- 
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cedure. This incidence was even greater in the patients 
who developed pouchitis. It is possible that leaving behind 
a small amount of diseased tissue might further increase 
the risk of extraintestinal complications, suchas pyoderma 
gangrenosum, erythema nodosum, arthritis, uveitis, and 
so on. None of the stapled ileoanal patients in our series 
developed extraintestinal manifestations of inflammatory 
bowel disease to date. 


Risk of Carcinoma 


The greatest reservation for using the stapled procedure 
is the potential for malignant transformation of residual 
diseased anal mucosa. In one study an unsuspected ade- 
nocarcinoma of the anal canal, extending to the level of 
the dentate line, was found in a patient who was under- 
going an ileoanal procedure for moderate dysplasia.” 
These authors believe that ‘the anal mucosa should always 
be removed down to the level of the dentate line in re- 
storative operations for ulcerative colitis.’?> Stern et al.” 
recently reported a patient who developed an ddenocar- 
cinoma in the rectal cuff 4 years after a mucosal proctec- 
tomy and ileoanal J pouch for severe dysplasia; this patient 
had undergone a subtotal colectomy, ileoréctal anasto- 
mosis 7 years previously at which time an occult, Duke’s 
C adenocarcinoma was found in the ascending colon. 
These authors also believe that a radical total mucosec- 
tomy is mandatory in patients with ulcerative colitis. In 
one of our three patients who underwent the procedure 
for severe dysplasia, mild dysplasia was noted at the anas- 
tomosis. This patient had only 3 mm of residual diseased 
mucosa left below the anastomosis. In a study by Emblem 
et al.,”’ it was noted that 10 of 13 patients with familial 
polyposis with preservation of the anal transition zone 
developed further polyposis in this area. 

Until recently ileorectal anastomosis often was used by 
colorectal surgeons for ulcerative colitis as an alternative 
to total colectomy, proctectomy, and permanent ileos- 
tomy. In one recent report of 51 patients with this pro- 
cedure performed between 1955 and 1984, no patient de- 
veloped a rectal carcinoma.”® Khubchandani et al.’ noted 
three adenocarcinomas (one in situ) in 51 patients for a 
5.6% incidence. This is similar to the incidence noted in 
several published series, although the cumulative risk may 
be as high as 15% during a period of 30 years.*°-*? The 
risk of developing a carcinoma when leaving 1 to 2 cm 
of disease must surely be a fraction of the ileorectal ex- 
perience, in which approximately 15 cm of diseased rec- 
tum was usually left behind. 

It will, therefore, be incumbént on surgeons who leave 
the anal transition zone intact to inform their patients of 
the necessity for follow-up examinations of the anal canal. 
The frequency of these examinations is difficult to deter- 
mine, but should probably be annually at first until the 
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safety of the procedure can be established. The procedure 
will only require anoscopy, which would be far less costly, 
unpleasant, and time-consuming than a complete colon- 
oscopy, to which these patients were previously subjected. 
A small commercial enema would be the only preparation 
required. Malignant transformation probably would ne- 
cessitate an abdominal-perineal resection. This should be 
an integral component to preoperative informed consent. 


Safety of the Stapled Ileoanal Procedure 


The development of the Premium CEEA® and Roticu- 
lator® surgical intestinal staplers greatly simplified the op- 
eration and probably improved its safety.!°-!? Total op- 
erative time is about 4 hours. However sometimes it may 
not be possible, or appropriate, to perform the stapled 
ileoanal procedure. This occurred in four of our patients, 
two for medical and two for technical reasons at the time 
of the attempted stapled operation. Therefore surgeons 
must be adept at both techniques, including the ability to 
construct either a J or S pouch. 

Although there is a concern that the circular EEA stapler 
crosses four staple lines, this has rarely been associated 
with an anastomotic leak. Only 1 of our 21 patients who 
underwent the procedure developed a leak at this anas- 
tomosis and this patient was quite ill and malnourished 
before his operation. There was one other leak higher in 
the stapled J pouch that seemed to be temporally related 
to the inadvertent removal of a suction Jackson-Pratt® 
drain without opening it to atmospheric pressure. 


Avoiding a Diverting Ileostomy 


_ The ease and safety of the procedure led us to perform 
it without a diverting ileostomy when the operation ap- 
peared to proceed without difficulty. This obviates the 
need for a second operation and its morbidity. Ileostomy 
following the ileoanal procedure can be technically diff- 
cult because the ileum is tethered low in the pelvis. This 
is a problem particularly in obese patients. Furthermore 
takedown of the ileostomy also may be quite challenging 
because the distal nonfunctional ileal lumen may be very 
small. Several of our patients developed complications 
after ileostomy closure (Table 2). Complications are noted 
in several other reports, '*3*-** following ileostomy closure, 
with about a 10% rate of ileostomy anastomotic leakage 
(Table 3). Peritonitis developed in 6.4% of patients from 
the Mayo Clinic after ileostomy closure, which required 
re-exploration in all patients and re-establishment of the 
ileostomy in some.** The Lahey Clinic had a 37% rate of 
ileostomy complications, with 22% requiring surgical 
correction.'* We managed our four ileostomy leaks with 
percutaneous drainage and parenteral nutrition. 

It is possible that ileostomy construction and its sub- 
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TABLE 3. Heostomy Complications Collected Series 


Series No. (%) Complication 
Mayo Clinic’ 6 Ileostomy leak 
Lahey Clinic’ 37 Complications 
22 Operative correction 
Vancouver? 27 Complications 
10 Ileostomy leak (1 death) 
Finland?’ 52 Complications 
10 Ileostomy leak 
Richmond 12 Operative correction 
8 Ileostomy leak 
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sequent closure may be related in part to the high inci- 
dence of small bowel obstruction noted following the il- 
eoanal pouch procedure. Seventeen per cent of ileoanal 
patients from the Mayo Clinic developed a small bowel 
obstruction, of whom 7.5% required surgical interven- 
tion.? We also had several patients with small bowel ob- 
struction in our previous series of patients, although none 
of the current stapled group have developed this compli- 
cation to date. While the follow-up is perhaps too short, 
several patients who had undergone a temporary diverting 
ileostomy had already experienced episodes of small bowel 
obstruction during a similar time period. ' 

Several studies evaluated performing the ileoanal op- 
eration without an ileostomy. Thow”? was one of the first 
to do this. In 1986 a report from the Mayo Clinic described 
nine patients of 200 who underwent the procedure without 
an ileostomy, of whom eight had good results.*! One pa- 
tient developed jejunal volvulus and perforation after dis- 
charge and required pouch excision. They recommended 
that the operation could be performed in carefully selected 
patients. Others have had catastrophic results when an 
ileostomy was avoided.’ In a study by Everett and Pol- 
lard,*’ 29 of 64 patients had a hand-sewn W reservoir 
ileoanal anastomosis without a diverting ileostomy and 
had a lower incidence of complications and total hospital 
stay than did those with a stoma. Five of the 35 patients 
who had an ileostomy developed complications directly 
attributable to the stoma. They concluded that, in expe- 
rienced hands, there can be a considerable benefit in re- 
duction of operative procedures and hospital stay when 
the ileostomy is avoided. A recent series from Finland, 
using a stapled J pouch but hand-sewn ileoanal anasto- 
mosis without a protective ileostomy, had one patient of 
25 who developed an anastomotic leak requiring subse- 
quent construction of a diverting ileostomy." They had 
also previously noted a high incidence of complications 
directly related to the ileostomy closure. In one series with 
a hand-sewn anastomosis without a pouch or ileostomy 
constructed at the /evator ani muscle, 4 of 32 patients 
developed an anastomotic leak.”’ 

The only series of stapled ileoanal procedures published 
to date without a covering ileostomy was that of Kmiot 
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and Keighley.’ Of 16 patients so treated, three patients 
receiving steroids had serious postoperative morbidity: one 
patient developed peritonitis and gram-negative bacter- 
emic shock but no leakage was found at the time of lap- 
arotomy 7 days after the ileoanal procedure. A second 
patient developed a leak at the transected ileum but not 
at the ileoanal anastomosis. The third patient developed 
an intussusception of the afferent limb resulting in in- 
farction of the pouch necessitating excision 5 days after 
the original operation. The authors recommended per- 
forming the stapled ileoanal operation without a covering 
ileostomy only in patients who are not receiving steroids. 

Of our 19 patients who underwent the stapled ileoanal 
operation without a diverting ileostomy, 13 were taking 
prednisone, 8 underwent the procedure semi-urgently for 
uncontrollable bleeding, and 3 had significant hypoal- 
buminemia. Three of these 19 patients developed com- 
plications, of whom only one had been taking steroids. 
This patient also had uncontrollable bleeding and was 
hypoalbuminemic before the ileoanal procedure; he de- 
veloped the only leak at the ileoanal anastomosis. In a 
recent report, subtotal colectomy with an ileostomy and 
preservation of the rectum as a Hartmann procedure was 
recommended for the emergent management of severe 
colonic bleeding in ulcerative colitis. Our data suggest 
that this degree of conservatism is unnecessary. 

The risk:benefit ratio of performing the operation 
without a diverting ileostomy is yet to be determined. 
Avoidance of a second operation with its complications 
may not only significantly reduce hospital costs but also 
may permit earlier return of the patient to a functional 
role in society. On the other hand, major morbidity from 
an undiverted anastomotic leak is a cause for genuine 
concern and may require three or more operations to 
control the‘septic process and restore function. Diversion 
probably should still be considered for a severely mal- 
nourished patient taking high-dose steroids, although a 
diverting ileostomy was successfully omitted in two such 
patients in our series. One other disadvantage from 
avoidance of the ileostomy is that these patients will not 
experience its inconvenience and thus will be unable to 
compare it to having frequent stools with the ileoanal 
procedure. 


Stool Frequency 


Stool frequency in the stapled J pouch ileoanal patients 
was similar to our patients who underwent a sutured J 
pouch ileoanal anastomosis at the dentate line. Excessive 
stool frequency persists as one of the major problems of 
the ileoanal procedure. Although some of our patients 
only have three stools in a 24-hour period with none dur- 
ing the night, some have as many as 15 stools per 24 
hours with several during the night, interfering with their 
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sleep. Two patients in the hand-sewn group insisted that 
their pouch be removed with construction of a permanent 
ileostomy. In two series, the triplicated S pouch was noted 
to have a lower stool frequency than a J pouch.***4 How- 
ever this has not been seen in our experience or by other 
investigators.“ Harms et al.*° suggested that a W pouch 
would have an even greater compliance and lower stool 
frequency than the S pouch. However in a recent study 
they did not note any significant differences from an S 
pouch.” Although Harms et’al.*” did not compare the W 
pouch to a J pouch, no difference in stool frequency or 
continence were noted by Kmiot et al.** between these 
pouches. Neither the S nor W pouches can be constructed 
with a surgical stapler and they may also be difficult to 
anastomose to the anus with the Premium CEEA® stapler. 
Thow*? proposed an antiperistaltic J pouch to decrease 
stool frequency. We used a similar pouch in 19 patients 
and found that it significantly reduced stool frequency 
when compared to a standard J pouch. However several 
of these patients required insertion of a silastic catheter 
to evacuate and two patients developed life-threatening 
complications as a result of their functional obstruction. 
This led us to abandon the reversed J pouch procedure. 


Conclusions 


This study supports a stapled, supralevator ileoanal J 
pouch anastomosis for ulcerative colitis and, possibly, fa- 
milial polyposis. The operation is easier and appears to 
be safer to perform than the standard handsewn ileoanal 
anastomosis. In most circumstances it may be performed 
without a diverting ileostomy. These patients have sig- 
nificantly better continence, especially at night, than those 
who have had a mucosal proctectomy and anastomosis 
to the dentate line. However surgeons who perform this 
procedure must still be adept at the standard mucosec- 
tomy and ileoanal anastomosis technique because some- 
times this may be required. Follow-up anoscopic evalu- 
ation of the residual anal mucosa will be important but 
may be difficult to achieve in asymptomatic patients. A 
randomized, prospective trial will be required before the 
benefit regarding stool control and overall reduction in 
complications, duration of hospitalization, and costs 
strongly suggested by this study and others can be proved. 
A much longer time will be required before we can be 
certain that the procedure will not be associated with an 
unacceptable incidence of subsequent adenocarcinomas. 
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DISCUSSIONS 


Dr. JOSEF FISCHER (Cincinnati, Ohio): I do not know of any other 
group that has experience with the various types of pouches and has 
analyzed them as carefully as this manuscript. 

I would like to make several comments about three different areas 
that Dr. Sugerman has detailed and then to ask a question. 


We emphatically support the retention of the transitional zone. And. 


we conzinue to believe, and it appears that the data are gradually being 
accepted, that this is directly related to the preservation of nighttime 
continence. 

It is interesting that the only patient in Dr. Sugerman’s more recent 
series who must wear a pad is the patient in whom the dissection is down 
to the centate line. In our early experience with Dr. Lester Martin, when 
we intentionally dissected down to the dentate line, we had a great deal 
more difficulty with continence than we do now. 

If you look at the incidence of wearing a pad, I am not sure it is all 
related to the transitional zone. Our incidence of wearing a pad in a 
group of patients, which now numbers about 200, and we are part of 
the way through reviewing them with questionnaires and interviews and 
things like that, is about 7% in those patients without pouchitis. 

We have a 6% incidence of pouchitis and we have a 7% incidence of 
patients without pouchitis who wear a pad, which is about the same as 
in this study. 

Does the concern about leaving the transitional zone involve the kind 
of epithelium? Is it rectal epithelium or is it a different kind of epithelium? 
Our experience with many polyposis patients is not to have the regrowth 
of polyps, and I would wonder whether those patients are really transi- 
tioning into Gardner’s syndrome, of whom we have seen a fair number 
with small bowel polyps and also gastric polyps. 

I suspect that the length of rectal mucosa that we leave is about the 
same as Dr. Sugerman. We do not measure, but the distance between 
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the dentate line and the top of the columns, as we estimate it, is about 
1.5 cm. 

In the early part of the series, when we intentionally left | cm additional 
above where we thought the transitional zone ended, as does Dr. Sug- 
erman, we had trouble with recurrent rectal disease. And 6 of the 12 
patients in whom we intentionally left a good length of rectal mucosa 
have had difficulty, requiring continuous steroids, suppositories, and sys- 
temic steroids (one patient), so I do not think that is a very good idea. 

The type of pouch is perhaps less important than the length of the 
sleeve of the exit, which, of course, is not an issue with the J-pouch 
because you anastomose the J pouch directly to the anus. We continue, 
because Cincinnati is a very traditional city, to use one form of operation, 
which is the S pouch. But the one thing we have done is that we have 
consistently shortened the length of the exit spout to about 5 mm and 
to make the pouch smaller. And the pouch is now about 10 cm on a 
side in the stretched state, the S pouch, which we believe contributes to 
a lower incidence of pouchitis, because the pouch empties completely. 

The third question is that of diversion. If, in fact, it works out that 
the incidence of complications in the patients who are not diverted is 
lower than the patients who are diverted, then that would be a useful 
argument for doing some type of anastomosis and not protecting it. 

Surgeons have very selective memories. As I was talking to Dr. Suger- 
man earlier, I said that I did not recall a patient with a leak following 
an ileostomy closure, but I probably would have repressed it anyway if 
I had. But we have had a certain number of complications from the 
ileostomy itself, including stenosis, a number of patients in whom we 
have had intestinal obstruction. And I had an occasion to revise an ile- 
ostomy at the peritoneal reflection last week in a patient 4 weeks after 
a diverting ileostomy. 

The jury is still out on this. But if, in fact, the protective effect of the 
ileostomy and the leaks and the abscesses ts less than that of the com- 
plications from the ileostomy or its closure, this is a very significant 
contribution. 
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I have only one question, Harvey, and that relates to the sphincter 
function if you de not divert these patients and they move their bowels 
quite early. One of the criteria that I use in closing the ileostomy is the 
softness of the area around the pouch anastomosis. We wait a little longer 
than most people, about 4 months. The reason I wait 4 months is because 
that is the time when, at least to my examination, the area around the 
anastomosis is quite soft. 

How did these patients progress? Do they have difficulty early on in 
retaining their stools and then gradually improve quickly because of the 
scarring around it? Or is this something that has not been a problem for 
you? 


DR. JOHN H. PEMBERTON (Rochester, Minnesota): In general the 
results of this operation have been good. This report today substantiates 
that observation. Our experience at Mayo with a rather large number of 
these patients also is good. 

The questions posed by this paper are very important. Does the double- 
staple technique actually improve the functional results? This paper, and 
several others conclude that it does. 

However we have reported in the literature several times that the stool 
frequency and rate of incontinence was largely similar to the reports you 
heard today. Our patients have about six stools during the day with one 
at night. And the rate of daytime and nighttime fecal spotting is less than 
25% at 3 years. The incidence of gross incontinence is less than 1% at 
the same length of time after operation. 

Clearly, as Dr. Sugerman states in his manuscript, the only way to 
determine if function is improved after ileoanal anastomosis will be to 
conduct a prospective randomized trial. 

If such a trial shows that the double-staple technique indeed does 
improve continence, then the second question must be addressed: what 
implications are there for patients with retained rectal mucosa. 

Dr. Sugerman does, unlike some people in the literature, face this 
issue squarely. All but one of his patients had residual disease. One might, 
therefore, make a reasonable case that the operation presented was ac- 
tually an ileorectostomy and not an ileoanal anastomosis. This, of course, 
brings up a whole new set of controversies that really go right to the 
heart of the rationale for doing the ileoanal operation in the first place. 
I must stress that we do not have to worry about the second question 
until a trial can determine whether there is really functional improvement. 

Regarding diverting ileostomy, it would be great if we could eliminate 
an ileostomy from this operation. We, however, have covered nearly all 
of our patients with an ileostomy because a stoma-related complication 
is bothersome but repairable, while pelvic complications such as pelvic 
sepsis, and its sequelae are not. 

How would you advise us, then, on choosing the right kind of patient 
for a single-stage procedure? Finally, I worry about incorporating the 
posterior vaginal wall in stapled low anterior resections. This, of course, 
is a very low stapled resection. How do you prevent this? 


Dr. WILLIAM P. J. PEETE (Durham, North Carolina): I want to focus 
my comments on the one patient Dr. Sugerman had with congenital 
polyposis. In 1983 Dr. William Waddell and Richard Lowry reported 
the resolution of polyps in the colon of four patients who had Gardner’s 
disease treated with Sulindac. 

In 1989 the expert in this Society, Dr. Elmo Cerise, and Gary Ganzer 
joined with them to report seven more patients. Now they had seven 
patients with Gardner’s disease, four patients with familial polyposis 
coli, seven patients who had partial colectomy and ileoproctostomy and 
four patients who had the polyps treated in an unresected colon. As long 
as the patients took the Sulindac there was complete resolution of the 
polyps. 

About this time last year I was presented with a patient from West 
Virginia who had more than 200 polyps identified in his colon by co- 
lonoscopy examination, one at the hepatic flexure was carcinoma in situ. 
I thought it appropriate to remove his abdominal colon and carry out 
an ileo low sigmoidostomy. He was discharged 7 days later on 200 mg 
of Clinori] a day. A month later he was found to have 27 polyps in his 
rectum. I have followed him serially for more than | year. Most of the 
polyps disappeared by April. 

When I scoped him 2 weeks ago, there were no polyps in his rectal 
segment and he was having one to two bowel movements a day. 
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The next patient is different. In 1988 a 52-year-old man had a7 X 6 
X 5'cm villus adenoma removed from his rectum with subsequent low 
anastomosis. The margins were free. However, in April of this year, I 
found that he had a 2 X 3 cm recurrent villous adenoma near his suture 
line and a 9-mm polyp below the splenic flexure. 

This slide shows a biopsy done in April of 1990. The patient was told 
of this work with Clinoril and, facing a possible proctectomy and colos- 
tomy, and knowing that he had a benign lesion, at least according to 
that biopsy, which shows villus adenoma, he agreed to take Clinoril, 200 
mg, twice a day. 

Two months later you see the possible effect of blocking prostaglanden, 
diminishing DNA and perhaps tumor growth factors. The tumor at that 
time was one half the size it had been. I follow him every 2 months. 

In November he had a repeat biopsy. He still has tumor but less. 

This interesting patient makes one wonder what effect Clinoril may 
have on other polyps of the colon. His 9-mm polyp near the splenic 
flexure has not been apparent to me on endoscopy since June. Therefore 
it is possible and perhaps probable that we have-an effective chemical 
prevention for carcinoma in patients with polyposis coli whether most 
of the colon has been removed or whether only that portion in the ab- 
domen has been removed, possibly for other polyps. 

The main side effects of Clinoril are well known. 

Clinoril is moderately expensive. Two patients stopped taking it with 
polyp growth; then resolution when it was restarted. Even so, in the 
treatment of patients with polyposis coli, a total colectomy with ileostomy 
or near-total colectomy with very low anastomosis is probably unnec- 
essary. Work and time will tell. Whatever route of treatment is followed, 
careful follow-up is essential. 


DR. HARVEY SUGERMAN (Closing discussion): With regard to the 
anal transition zone, I kept pleading with our pathologist to tell me if 
this was anal transition zone and not actual columnar epithelium, but 
they refused to cooperate. In all of the specimens they confirmed the 
fact that this was columnar epithelium. 

The length of the tissue between the anastomosis and the dentate line 
improved with time. So as we became more experienced with the tech- 
nique, we got closer to the dentate line. But as mentioned, there is a 
point to which you should not go, and J think you do sacrifice continence 
and control when you get down to the dentate line. 

This is different from the Mayo Clinic data, as most of the published 
series do describe better fecal control when some residual tissue above 
the dentate line is retained. And, as I will mention again, a randomized 
study is mandated to answer the questions prompted by this study. 

In terms of the pouch type, we, too, had three 10-cm limbs with our 
S pouches, but our average spout was about 2 cm. This seemed to stretch 
sometimes because of tension since in many of these patients with the 
S pouches it was done because we needed more length. And we get the 
greatest length with the S pouch. 

With regard to the ileostomy, yea or nay, it is two operations and two 
hospitalizations under the best of circumstances. And, in addition, you 
have a tradeoff between the complications, and there are complications 
in all series with the ileostomy itself as well as without the ileostomy. 

One of the crucial questions, as already posed, is whether the disastrous 
complications that could occur if you do the operation without an ile- 
ostomy are life threatening or can be picked up early enough that you 
can save not only the pouch but, most importantly, the patient’s life. 

So it is important to be aggressive and operate early, with a diverting 
ileostomy; if a leak occurs if you do this operation without an ileostomy. 

With regard to sphincter function without diversion, that is one of 
the negative aspects of the operation. They seem to go slightly more 
often at the beginning as when they’ve had a diverting ileostomy that 
you close, because at the beginning the stool tends to be more watery 
and burning. It may be a bit better after they have had an ileostomy, 
since they have had some time for the ileum to compensate. But the 
problem is that these patients have not had an ileostomy to know how 
unpleasant an ileostomy can be. And that, in a way, is a negative aspect. 
Because when they are going a lot at the beginning, they can not relate 
this to having had an ileostomy and say ‘I’m willing to accept this so 
that with time it’s going to get better.’ But in our experience there has 
not been much difference whether the patients have or have not had an 
ileostomy in terms of their initial control. 

With regard to whether this is an ileorectostomy rather than an ileoanal 
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procedure, I think that is only a matter of semantics. Is this the bottom 
of the rectum or the top of the anus? I think it is both. And the key issue 
is that this is not the ileoproctostomies that used to be constructed. 

If you look at the published series with regard to the ileorectal anas- 
tomoses, they average about a 6% incidence of adenocarcinoma. And 
this is preserving somewhere between 10 and 15 cm of the rectum for 
that procedure. ` 

The risk of cancer is projected actuarily to be 15% cumulative in a 
period cf 30 years. So this must be significantly lower in our patients 
with 1.8 cm residual tissue. It will be there, and it will be a concern. 

One cf the other issues, therefore, is follow-up, and that is a genuine 
problem. Follow-up 1s easy because all you need to do is anuscope the 
patient. The problem is that many of these patients are feeling so good 
and are so asymptomatic that they do not want to come back. 

I have concerns about the staple procedure for the polyposis patients. 
I am concerned that we may be leaving some residual tissue that could 
form polyps, and I think that those patients may be at somewhat greater 
risk. Again it would be easy to examine them, it would be easy to fulgurate 
them, it would be easy to excise them. But the question is patient follow- 
up and the cooperation of your patients. 

The other issue is rectal bleeding. You may have bleeding because of 
residual disease; you may have bleeding because of pouchitis; or you 
could have bleeding because of the development of a carcinoma. And it 
will take many years before we know what that potential risk really is. 

With regard to the risk of a rectovaginal fistula, we have not had a 
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single rectovaginal fistula in this group. It is important in doing the op- 
eration that you dissect the rectum all the way down to the levator sling, 


. circumferentially so that you are not getting the vagina when you come 


in with the pin on the EEA instrument. 

With regard, finally, to the polyposis issue of Clinoril or Sulindac, to 
use the generic name, I have not seen any data on that. I find the concept 
interesting. 

There are other complications with Sulindac. It induces severe pan- 
creatitis. And in fact, the father-in-law of our Chief of Urology developed 
fulminant pancreatitis secondary to Sulindac. The appropriate procedure 
is to do a subtotal colectomy, proctectomy, and ileoanal procedure in 
one way or another for these patients, and then you do not have to worry 
about their polyposis problem. 

Finally we must have a randomized prospective trial to evaluate stool 
control function with either leaving the residual mucosa behind or using 
it as a stapled versus the hand-sewn technique at the dentate line. And, 
second, there is a need for a randomized prospective trial to do the 
operation with and without an ileostomy. It’s safe to do it with the staple 
technique and without an ileostomy. As you saw from our data, our 
complications were rare, but the one major complication we had was in 
a severely malnourished patient. 

We had 13 patients on Prednisone, 8 for fulminant colitis, 3 of whom 
were severely malnourished. One of those three is the one who developed 
the leak. If a patient has a very low serum albumin, it is appropriate to 
be more conservative. 
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The meatal advancement and glanduloplasty (MAGP)J) procedure 
was first described in 1981 for the repair of distal hypospadias. 
In the past decade, our experience has grown to more than 1000 
procedures. An excellent surgical result requires careful case 
selection, avoiding cases with thin or rigid ventral parameatal 
skin or a meatus too proximal or too wide. The glans wrap to 
support the advanced ventral urethral wall requires a solid tissue 
approximation in two layers to prevent a retrusive meatus. Meatal 
stenosis can be avoided by assuring an adequate dorsal Heineke- 
Mikulicz tissue rearrangement and making an incision from 
within the urethral meatus well distally into the urethral groove. 
The MAGPI procedure routinely is performed on an outpatient 
basis without any urinary diversion. Our experience in 1111 cases 
during 12 years has required a second procedure in 1.2% of cases. 
The overall success rate with the MAGPI procedure suggests 
that it should continue to be used in the repair of distal hypo- 
spadias. 


advancement of the meatus and reconfiguration of 
the glans for the most common manifestation of this 
anomaly. Since its introduction the meatal advancement 
and glanduloplasty (MAGPI) procedure has withstood the 
test of time, has become internationally accepted, and is 
the most common hypospadias technique used today. 
Hypospadias occurs in 1 of 300 male births with the 
meatus position distal in 65%, in the middle of the shaft 
in 15%, and in the penoscrotal or scrotal position (pos- 
terior) in 20%. In those with the anterior classification, 
the dystopic meatus is located on the inferior glans 15% 
of the time, in the coronal groove 50%, and subcoronal 
30%, and the megameatus intact prepuce (MIP variant) 
in 5% of cases. Perhaps 50% or more of these anterior 
variants will be amenable to the MAGPI. Approximately 
one third of all cases of hypospadias are suited for this 
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single repair. While we have continued to be satisfied with 
this operation, others have reported excessive meatal re- 
traction and meatal stenosis." Our purpose in this paper 
is to review our results and describe the modifications of 
the procedure we have added since its original description 
that will help others avoid the reported complications. 


Results 


Records of patients who have had the MAGPI proce- 
dure performed at The Children’s Hospital of Philadelphia 
were reviewed for the period July 1987 to May 1990 (282 
cases). The complications were itemized as to fistula, 
meatal retraction, presence of chordee, meatal stenosis, 
or cosmetic skin irregularity. Two cases required second- 
ary surgery, one with a fistula and one with persisting 
chordee, for a 0.8% rate of reoperation. Previous reviews 
that we reported comprised the cumulative results of 1111 
cases. From 1978 to 1981, 207 cases were reported’; from 
1981 to 1985, 510 cases’; from 1985 to 1987, 128 cases’; 
and from 1987 to 1990, the current 266 cases reviewed 
herein. Thus an average of 85 cases per year were man- 
aged. The complications included 5 fistulas (0.45%), 7 
meatal retractions (0.6%), 1 residual chordee (0.09%), and 
no meatal stenoses. The incidence of complications re- 
quiring secondary surgery was 1.2% for the entire group. 
For the last 5 years it was 1% (4 of 394 cases) (Table 1). 

The average follow-up was 2.3 months, with a 2-week 
to 2-year range. No follow-up was obtained in 16 of the 
282 cases (6%). We think an average follow-up of 2.3 
months is adequate to assess the outcome of healing of 
this type of hypospadias repair. It would be more complete 
to have long-range assessment of these patients; however 
we think that it is psychologically inappropriate to have 
a child come back for evaluation of a congenital anomaly 
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TABLE |. Cumulative Results of MAGPI Procedure 


and 
Surgery 

Dates Number Fistula Regression Stenosis Chordee (%) 
1978-1981 207 l 4 0 0 2.4 
1981-1985 510 2 2 0 0 0.8 
1985-1987 128 1 1 0 0 1.5 
1987-1900 266 1 0 0 l 0.8 
Total 1111 5 7 0 l k? 


that, in essence, has been repaired completely before his 
knowledge of the anomaly. Because most of these anom- 
alies are repaired when the child is 6 months to | year 
old, the child does not remember the operative experience: 
The parents are instructed to subtly observe the child’s 
urinary stream periodically throughout childhood to make 
sure there is no splaying, diminished force, deflection, or 
cosmetic skin irregularity. The parents are encouraged to 
return for a visit whenever they feel the need for re-eval- 
uation. This rarely occurs because the repair typically 
matures nicely with the child. 


Selection of Cases and Technique 


The technique for the MAGPI procedure has been 
modified considerably since it was first described in 1981. 
Textbook and atlas diagrams have been modified through 
the years, but it is still difficult to depict adequately the 
meatal enlargement and advancement and the three-di- 
mensional glanular rearrangement that is required for the 
excellent cosmetic result that can be achieved. 

In selecting a case for the MAGPI repair, the nature of 
the meatus and the parameatal skin is of paramount im- 
portance in achieving a successful glans reconfiguration. 
The parameatal skin should be thick and pliable, per- 
mitting it to be lifted easily off the underlying urethra. 
This is essential to permit the ventral parameatal skin to 
be advanced distally. The glans configuration must permit 
it to wrap around this advanced ventral urethral wall. If 
the parameatal skin is thin or nonpliable, then the MAGPI 
procedure is inappropriate.’ An onlay island flap'®"' often 
is more appropriate. 

The size of the meatus also is an important consider- 
ation. Usually the meatus is small and after the ventral 
wall has been advanced distally, it is not difficult to dissect 
laterally to expose the glans for the placement of sutures 
solidly into glans tissue (Fig. 1g) to reconfigure it from its 
typically flat configuration into a more normal conical 
shape. The healing of glans to glans maintains the ventral 
support for the advanced meatus and thus prevents later 
falling back of the ventral meatal wall, a retrusive meatus. 

If the meatus is large, as is usually seen in the MIP 
variant of hypospadias,'” then the glans cannot be exposed 
for the placement of the glansplasty sutures, and either a 
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pyramid’? or Mathieu!’ procedure with a glansplasty in- 
volving formal mobilization of glans wings will result in 
a more satisfactory long-term glans reconfiguration. 

In cases of distal hypospadias, it is rare to see chordee 
due to more than a ventral skin or subcutaneous tissue 
abnormality. The flattened glans so frequently seen in 
these cases appears to indicate that once the shaft skin 
has been dropped back, an artificial erection will reveal 
straight corporal bodies. 

Cases ideal for the MAGPI procedure usually have a 
meatus positioned at the coronal margin or subcoronally. 
There is commonly a lip of tissue distal to the meatus 
that deflects the urinary stream ventrally to a variable 
degree. The glanular groove varies in its depth and may 
require deepening with the initial Heineke-Mikulicz ma- 
neuver that advances and flattens the dorsal urethral wail. 
This step corrects the ventral deflection of the urinary 
stream. Often there is an accessory dorsal periurethral 
duct located in the glanular groove distal to the meatus, 
but this does not interfere with the repair. 


Technique 


After a holding stitch of 5-0 prolene is placed in the 
glans for traction, a 1:100,000 concentration of epineph- 
rine in 1% xylocaine is injected in the subcoronal area 
and glans groove. A circumferential incision is made 
around the corona proximal to the meatus. The exact 
placement of this circumferential incision 1s not important 
at this stage because excess skin will be trimmed as the 
glanuloplasty develops. Others”'*'* have indicated the 
importance of the initial incision in the construction of 
the future glanular configuration; however we think it is 
not necessary to configure a definite skin incision unless 
the Firlit skirt or mucosal collar is used." 

The penile skin is mobilized as a sleeve back to the 
penoscrotal junction and thus results in freeing of the 
tethering fibers of the subdartos fascia, particularly on the 
ventrum. This is the most probable cause for the ventral 
tilt of the glans frequently seen in these cases. The 
straightness of the penis is checked with an artificial erec- 
tion. If curvature is present, this is usually caused by cor- 
poral disproportion and not chordee involving the dorsal 
urethra. Correction is carried out easily using dorsal pli- 


_ cating sutures." 


The meatal advancement of the dorsal urethral wall is 
accomplished by a Heineke-Mikulicz vertical incision and 
horizontal closure. More commonly now wedge removal 


. of a segment of glanular tissue distal to the meatus, which 


includes the dorsal meatal wall, is performed. This hori- 
zontal closure flattens out the glanular bridge and permits 
the dorsal urethra to be advanced out onto the glans tissue 
to the apex of the glanular groove where it is sutured with 
interrupted 7-0 vicryl. This flattens the deflecting ridge of 
glans and permits the stream to be directed forward. 
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The glanuloplasty is made by reconfiguring the flattened 
glans into a conical shape. By rotating the lateral wings 
around to the midline proximal to the meatus, a proper 
conical glans shape can be recreated. There will be skin 
adjacent to the glanular edges that must be excised in a 
precise angle to reapproximate the glanular wings together 
in the midline on the ventrum (Fig. 1). The deep glanular 
tissue is brought together with interrupted 6-0 vicryl or 
PDS interrupted sutures and the superficial epithelial edges 
are run with 7-0 chromic suture. In this manner mesen- 
chymal glans tissue heals to glans tissue between the ep- 
ithelial layers of the urethra and the outer epithelium of 
the glans, and this prevents meatal retraction. This rota- 
tion of the glans wings reconfigures a nearly normal glan- 
ular appearance. A bougie-a-boule is used to calibrate the 
meatus and ensure that the glanuloplasty has not com- 
promised the lumen of the distal glanular urethra. 

While a sleeve reapproximation of the penile skin usu- 
ally is sufficient for skin cover, ventral transposition of 
the preputial skin may be necessary to replace a skin de- 
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Fics. la-h. MAGPI (Duckett 
series) (a) A circumferential 
inciston is made proximal to 

. the corona and proximal to 
the meatus. (b) The skin is 
dissected down to the peno- 
scrotal junction freeing up all 
tethering dartos bands, as- 
suring a straight erection with 
an artificial injection of sa- 
‘line. (c and d) Meatoplasty: 
A vertical incision is made in 
the transverse web between 
the meatus and distal glans 
groove, extended proximally 
into the dorsal meatal edge. 
This creates a diamondlike 
defect that is closed trans- 
versely, advancing the dorsal 
meatal lip into the glans 
groove. A transverse closure 
is made (Heineke—Mikulicz). 
(e-h) Glanuloplasty: A hold- 
ing stitch is placed on the 
ventral meatal edge and ele- 
vated forward (e), thus con- 
figuring the glans in a more 
conical shape (f). Excess skin 
on the ventrum is excised and 
the glans edges are approxi- 
mated with a deep layer of 
absorbable suture and a su- 
perficial chromic layer (g). (h) 
Skin cover. 


ficiency on the ventrum. Fine 7-0 chromic is used for the 
skin closure to help avoid the development of later suture 
sinuses. 

No stents or catheters are required for diversion. These 
procedures are done in the day surgical unit. A vaseline 
gauze dressing that is similar to a circumcision dressing 
will cover the incision for 24 to 48 hours and is removed 
by the parents at home. 


- Discussion 


For many years techniques were not available to re- 
construct reliably the urethra out to the tip of the glans 
in patients with a distally placed meatus. Because there 
was minimal functional impairment, surgeons were re- 
luctant to subject a patient to complications that might 
be more severe than the untreated anomaly.!© Techniques 
available to correct distal hypospadias, Mathieu,'’ Mus- 
tarde,'® and Devine-Horton flip-flap,'? require the con- 
struction of a neourethra. The MAGPI procedure allows 
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FIGS. 2A-I. MAGPI (operative series). (A) Typical meatal location with distal bridge of tissue to be removed in a wedge. (B) Glanular groove opened 
to apex and into dorsal meatus. Note generous meatal mucosa; probe in paraurethral duct. (C) Straight erection after skin takedown; slitlike meatus 
at apex. (D) Ventral view with holding stitch in ventral meatal edge; excess skin trimmed up to epithelium of glans. (E) Suture is approximating 
mesenchymal thick glanular tissue as deep layer with holding sutures on glans wings. (F) Closure of glans epithelium with fine chromic. (G) Glanuloplasty 
complete; catheter in meatus at apex. (H) One month postoperative result: conical glans; slitlike meatus. 
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the surgeon to avoid a urethroplasty and provides a reli- 
able, reproducible procedure for reconfiguring the glans 
and meatus without the use of catheters and with a very 
low morbidity rate. 

Diagraming the technique for teaching the method has 
been difficult. In the past 10 years,’~”:' modifications have 
been made that bring glanular tissue together in a more 
solid ventral closure that avoids meatal regression. An 
additional layer approximating deep glans tissue has been 
added that replaces the vertical mattress stitches described 
in the original diagram’ (Figs. 2f and g). The glans mes- 
enchyme is now approximated deeply, with an epithelial 
layer closure superficially. This is a more secure closure 
to avoid the ventral glans separation that leads to meatal 
regression. Usually the glanular reconfiguration produces 
a nearly normal-looking glans with an unnoticeable ven- 
tral glans scar. 

Fortunately meatal stenosis has never been a problem 
with this reconstruction, although it is reported by others. 
When the dorsal incision is made vertically and closed 
transversely, this opens up the meatus in a wide config- 
uration. While many of these anomalies have a significant 
meatal stenosis to begin with, the meatoplasty in a Hei- 
neke-Mikulicz fashion suffices to widen this in all cases 
when the incision is made well into the stenotic meatus. 

The ventral meatal edge is elevated forward and the 
glans wings are rotated medially, reapproximating the 
normal conical glans shape. The meatal advancement is 
maintained as a result of glanular rotation and secure 
healing to glans. The ventral meatal edge is fixed to the 
glanular tissue with interrupted chromic sutures to keep 
it from retracting beneath the glansplasty. 

Some modifications of the technique have been used 
in specific cases. For instance the ridge of tissue in the 
glanular groove may be quite thick so that a transverse 
wedge must be removed to advance the dorsal urethra 
further into the glans. At other times the glanular groove 
may be quite wide with a prominent lip on each side. This 
redundancy may leave a fold of the meatal lip as a lateral 
‘dog ear.’ A transverse excision of these is needed to create 
a vertical neomeatus. The meatus may be extended even 
further toward the apex of the glans in some cases with a 
wide groove by denuding the epithelial layer ventrally and 
stitching these edges together. 

Inappropriate application of the MAGPI technique to 
unsuitable cases causes most of the poor results reported 
by others.*° The ventral distal urethra must be mobile to 
be advanced into the glans. The MIP variant (megameatus 
with an intact prepuce)!” is definitely not a proper selec- 
tion, nor is the wide, deep meatal groove with a subcoronal 
meatus. 

Modifications of the MAGPI that have distinct indi- 
cations have been developed by others. Arap* proposed 
a method of urethral extension for those cases with a more 
proximal meatus. The ventral meatal edge is brought for- 
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ward with two holding stitches 7 to 10 mm apart in an 
‘M’ configuration. The middle ‘V’ of the ‘M?’ is closed, 
forming a urethral extension that is buried beneath the 
glanular approximation. A dorsal meatal advancement is 
not beneficial in this setting.” A glans approximation 
procedure” was published recently, but it does not relate 
to cases amenable to a MAGPI. 

Others have reported their results with the MAGPI. 
Livne et al.*' had excellent results in 66 cases with no 
meatal stenosis or retraction, with only three cases having 
minor cosmetic deficiencies. MacMillan et al.” studied 
44 MAGPI results with photographs of their streams and 
uroflows. All but one case had an excellent cosmetic result 
(one small meatal flap was later considered acceptable 
with no surgery). Photography of the streams demon- 
strated a satisfactory if not entirely normal pattern and 
flow rates were normal. They stated ‘Until recently, the 
price of perfection in the management of anterior hypo- 
spadias was significantly high. However, with the advent 
of the MAGPI repair, which virtually guarantees perfect 
cosmetic results and fully preserves micturitional function, 
all boys with distal hypospadias should be offered early 
surgical correction.’”” 

Others report unacceptable results. Ozen and Whit- 
aker’? had a 6% rate of meatal retraction in 67 patients 
and only 91% excellent results. Issa and Gearhart® de- 
scribed eight cases with meatal retraction, five attributed 
to technical failure and three to poor case selection. The 
recent report of Hastie et al.* described a significant meatal 
retraction problem but none back to the position of the 
original meatus, and the direction of the urinary stream 
was not affected. 

After 10 years of experience, the primary criticisms of 
the MAGPI procedure are meatal regression and meatal 
stenosis. Our attention now is focused on teaching sur- 
geons to avoid these problems. First the meatoplasty must 
extend the dorsal incision into the meatus to increase cal- 
iber. Second the glans wings must be brought together 
ventrally and fixed snugly to assure solid healing to avoid 
meatal regression. Our results have confirmed that when 
properly selected and executed, the MAGPI technique for 
hypospadias is very successful with a low morbidity rate 
and great parental satisfaction. 
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DR. MAURICE JURKIEWICZ (Atlanta, Georgia): This was a splendid 
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originally by the author in 1981, as he indicated to you, for distal hy- 
pospadias repair. 

Coronal and subcoronal hypospadias, as he indicated, is the most 
common variant of this anomaly, which is among the most common of 
the somatic malformations occurring, as he indicated, in as few as | in 
300 live births. Before the description of this operation, there was no 
good, reliable procedure to correct the extreme deformation, the ap- 
pearance of the penis, and the accompanying ventrocurvature simulta- 
neously. All previous procedures involved construction of a neourethra 
from the existing penile skin. Furthermore, until the Horton-Devine 
turnover flap procedure, reconstruction involved two stages with atten- 
dant complications. 

Thus, unless there was a significant degree of ventrocurvature, the 
coronal hypospadias, in general, was left uncorrected. And so it was with 
training and my practice. 

Before John Duckett, the late Lewis T. Byars of St. Louis, a member 
of this Association, a Regent of the College, and the man who was my 
principal teacher of reconstructive surgery and was, arguably, the best 
hypospadias surgeon around. 

He devised a two-stage procedure adaptable to most hypospadias re- 
pairs, and in his hands it was remarkably free from complications. For 
example, when I completed my residency, he had a consecutive series 
of about 135 repairs without a single fistula, which was an unmatched 
record. 

His operation, properly done, actually brought the meatus very close 
but not quite to the tip. In his procedure the glandular epithelium was 
replaced in the first stage by preputial skin. He emphasized this glandular 
reconfiguration, just as Dr. Duckett has, to give a normal appearance. 
However, because skin was used to construct a neourethra, stream de- 
formation was a problem. 

In the manuscript, to facilitate the dissection, Lidocaine and Epi- 
nephrine are injected into the penis. This operation is done at a very 
early age now, 6 months to 12 months. Dr. Duckett uses 1% Lidocaine 
with | to 100,000 Epinephrine, and I take it you have had no problems 
with it. 

I have used 0.25% with | to 400,000 Epinephrine, which gives you 
the same amount of hemostasis and obviates any toxic problems or flap 
problems. 
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These are done, as I understand it, as day surgery procedures, and [I 
wonder if you would supply some information about the instructions to 
parents, how many of these patients have had to come back because of 
bleeding, or other problems. 

To my knowledge, this is the first time any paper on congenital anom- 
alies of the genitalia has ever been given before this Association. 


Dr. PAT MOYNIHAN (New Orleans, Louisiana): As a pediatric surgeon, 
I really do not do hypospadias repairs, but I follow with interest many 
of the patients that I see and refer to my urologic colleagues. It seems 
that the major complication outside of Dr. Duckett’s group is meatal 
regression, and I would like your thoughts on the primary cause of meatal 
regression. 

When you have this complication, how soon do you do a second 
repair? 

The other thing I’m interested in, because we do so many outpatient 
surgeries at the present time, is what percentage of your patients do you 
do as outpatients, and are they a highly selective group? 


DR. JAMES O'NEILL (Philadelphia, Pennsylvania): I enjoyed the op- 
portunity to read this manuscript. This is a complicated paper about a 
complicated subject, notwithstanding Dr. Jurkiewicz’s remarks about it 
being deceptively simple. 

I have been an avid pediatric urology watcher and perhaps a Duckett 
watcher for the last 9.5 years and have been convinced about the validity 
of this procedure. Let me summarize by saying that all previous proce- 
dures that I have been aware of have involved construction of a neour- 
ethra, that is, a urethroplasty. 

What Dr. Duckett and his colleagues did in 1978 when they initiated 
the procedure was to simplify repair by eliminating the need for ure- 
throplasty while at the same time following the principle that a two-layer 
closure of good tissue is necessary for success. 

What he has learned, as have his colleagues over time, is that not all 
patients with these anterior forms of hypospadias are amenable to the 
original MAGPI or, as the Europeans call it, the Duckett operation, so 
it has been modified over time. 

He has also learned which cases to avoid when applying the MAGPI, 
and he might tell us a bit about that. For these, he devised the island 
flap on-lay procedure that he showed you in 1985. 
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The message is that the surgeon who undertakes hypospadias repairs 
must be experienced in judgment and capable of performing a variety 
of operative procedures. With proper patient selection, Dr. Duckett and 
his colleagues have been able to perform a huge number of repairs with 
a current reoperation rate of less than 1%, which is two to three times 
better than any other operation has ever been and, particularly, the more 
recently reported ones from France and Canada. 

Furthermore, as you have heard, these procedures are now done on 
a day-surgery basis and even more impressively without stents or catheter 
diversion, which are necessary if a urethroplasty is done. 

Overall it is a relatively simple approach that results in penile straight- 
ening, appropriate urethral and meatal advancement, and normal ana- 
tomic appearance with a minimal complication rate in terms of the main 
problems, meatal retraction, and meatal stenosis. 

Interestingly, despite Dr. Duckett’s honesty about two groups that 
have had some problems, most others have been able to reproduce or 
at least approach Dr. Duckett’s results, which further verifies the validity 
of it. 

My only caution and, perhaps, question to Dr. Duckett has to do with 
the follow-up. In the manuscript and on one of your slides, you indicate 
an average 2.3-month follow-up and indicate the potential psychologic 
undesirability of long-term examinations. However a 1-year follow-up 
will only make most of these children 2 years old, and I doubt that it 
would bother them very much to be examined. 

A 1-year follow-up might be a better time to see the full effect of scar 
relaxation and perhaps better verify the absence of meatal retraction. 

The latter comment notwithstanding, Dr. Duckett has reported the 
best available results with repair of the most common form of hypospa- 
dias. It is no surprise that this has become the international standard by 
which everything else is judged in this field. 


DR. JUDSON RANDOLPH (Washington, D.C.): I rise to give a bit of 
historical perspective to add to Dr. Jurkiewicz’s remarks. When I was 
trying to learn to be a pediatric surgeon 35 years ago, this particular 
form of hypospadias was largely recommended for conservative treat- 
ment. There was such a history of stricture, of leaks, of complicated 
deformities after surgery that most surgeons who dealt with this problem 
said, ‘The urethra is near the glans and the patient can stand to void, 
and we believe he can impregnate a female, and it’s better left alone.’ 
And except for Dr. Beyers and Dr. McCollum in Boston and a few other 
such persons, the procedure for this group of patients, which was more 
than one half the patients, was not to operate. 

I started to ask how many in this audience are grandfathers, and | 
look around and I see that many of you qualify. So grandfathers and 
fathers know that when a baby is born, as soon as you ascertain if his 
brain is all right, you want to know if his artillery is all right. So this has 
become a very impressive, important thing to find out about. And then, 
as we heard Dr. Duckett easily use the phrase the Heineke-Mikulitz 
principle, we realize that he certainly demonstrates a bias of mind. He 
was a fully trained general surgeon before he became a urologist and 
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then a pediatric urologist, so that the principles that he has used come 
easily to his hand and to his mind. 

I know that Dr. DeBakey, our president, Dr. Gross, my old teacher, 
and also Dr. Duckett solved and have solved surgical problems, as many 
of you in this audience, by looking at the problem, bringing the simplest 
surgical principles to bear to make for a new, clean approach. And I 
think that is what Dr. Duckett has presented to us this morning. 

Finally it is true that this operation is being done in the operating 
rooms across this land and around the world. It is very reproducible, 
attesting further to the clean simplicity and effectiveness of this procedure. 

And I might also say that Dr. Duckett’s father, Dr. Duckett of Dallas, 
a general surgeon who was for many years a member of this Association 
and is known to some of you here, looks down with pride on this ac- 
complishment. 


DR. JOHN W. DUCKETT (Closing discussion): Aside from being a little 
choked up after the last comment—Dr. Jurkiewicz, I appreciate your 
historical perspective. To answer your questions, we picked the | to a 
100,000 dose because it’s effective and we don’t have to wait quite as 
long as with | to 400,000. We have had no untoward complications with 
that concentration, and our anesthesiologists tell us we may use plenty 
of it without side effects. 

We do these as outpatients, and that saves a lot of time and effort. 
Because it is a simple procedure without a urethroplasty, there is no 
urinary diversion. Even in our more complex surgeries with the island 
flaps, we use a little silastic splint that is spaghetti size and very flexible. 
We sew that to the glans and let the patients go home on the same day. 

So none of our hypospadias cases are done as in-hospital procedures 
anymore. We send them home with specific instructions and very few 
need to return with complications. 

Dr. Moynihan I appreciate your comments. The meatal regression is 
the key problem, and I think there are two factors related. One is the 
misselection of cases. Too many times this typical case that I showed 
you today is not present. The meatus is wide, is not flexible, and not 
moveable. There is just nothing you can do to move that type of meatus 
forward. A MAGDI will lead to meatal regression. 

The second part, and the one I emphasized today, is getting that two- 
layer glans closure so that it is firmly approximated and avoids the break- 
down. We had initially shown a vertical mattress suture that held the 
two layers together, and we have replaced that with two suture layers 
rather than the vertical mattress. 

Dr. O’Neill you zeroed in on the major criticism of our work, and 
that is the inappropriate length of follow-up. We have rationalized that 
since this is done in a child with no recall of the surgery having them 
return at age 2 to 4 years focuses on a problem with their penises. We 
were pretty convinced over this 13-year experience that we really did 
not have that many problems after the 2- to 3-month evaluation. Re- 
member that is an average; so most of the evaluations were at 6 months. 

And finally, Dr. Randolph, I appreciate the perspective of your career 
in pediatric surgery and your recognition of the complexity of this anom- 
aly’s repair. I particularly appreciate your comments about my father. 
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A prospective randomized trial was conducted of preoperative 
endoscopic sphincterotomy and surgery (ES&S) or surgery alone 
(SA) in 52 patients with cholecystolithiasis and choledocholi- 
thiasis that were candidates for elective surgery. After ES&S 
65% of patients were stone free. Eighty-eight per cent of patients 
with SA were stone free after surgery (p < 0.05). Three patients 
in each group had residual stones at the completion of the op- 
eration. Five of these six had more than 20 common bile duct 
(CBD) stones. There was one episode of major hemorrhage in a 
patient in each group and no deaths. Costs were essentially equal 
for the individual patient with a successful ES as compared to 
SA. Societal costs of a program of preoperative endoscopic ret- 
rograde cholangiopancreatography and ES would be higher be- 
cause of the cost of screening for patients with CBD stones. 
These results do not support preoperative ES as a technique for 
clearance of the CBD of stones on the basis of efficacy, morbidity 
rate, or cost. 


HOLECYSTECTOMY, FIRST PERFORMED by Karl 

Langenbuch in 1882, has become the standard 

therapy for symptomatic cholecystolithiasis.' 
Newer options available for treatment of cholecystoli- 
thiasis include laparoscopic,’ lithotriptic,’ and endoscopic 
techniques’ and chemical dissolution.” Common bile duct 
(CBD) stones present or suspected at the time of chole- 
cystectomy traditionally have been treated by choledo- 
chotomy, common bile duct exploration (CBDE), stone 
retrieval, and T-tube placement. The newer techniques 
mentioned above also can be used in the management of 
choledocholithiasis.**’ 

This report will concern a prospective randomized 
study of preoperative endoscopic sphincterotomy (ES) in 
conjunction with surgery (ES&S) or surgery alone (SA) 
in patients with chronic cholecystitis with cholecystoli- 
thiasis and choledocholithiasis who were candidates for 
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elective surgery. Whether, in such patients, ES is as effec- 
tive as CBDE in retrieval of CBD stones and what is the 
relative morbidity of these two approaches have not been 
established. Costs will be compared. 


Methods 


Patients admitted to the Los Angeles County—Uni- 
versity of Southern California Medical Center with a di- 
agnosis of cholecystolithiasis and possible choledocholi- 
thiasis and who were candidates for elective surgery were 
considered for entry into the study. Cholecystolithiasis 
was documented by ultrasound in all patients and cho- 
ledocholithiasis was suspected on the basis of a serum 
bilirubin level greater than 2 mg/100 mL, previous hy- 
peramylasemia, or ultrasound examination that revealed 
either a CBD larger than | cm in diameter or probable 
CBD stones, or both. The study was approved by the In- 
stitutional Review Board and informed consent was ob- 
tained from each participant. All patients underwent en- 
doscopic retrograde cholangiopancreatography (ERCP). 
Those with CBD stones were assigned randomly to one 
of two groups, preoperative ES and surgery (ES + S; group 
1), or surgery alone (SA; group 2). A computer-generated 
randomization sequence was used. The endoscopist who 
made the decision to enroll the patient was blinded as to 
the treatment that would be assigned. The sphincterotomy 
was performed immediately after ERCP. Clearance of the 
CBD stones by basket retrieval or by subsequent spon- 
taneous passage was left to the discretion of the endo- 
scopist. Cholecystectomy was scheduled electively. Sur- 
geons were not blinded as to the group to which the pa- 
tients had been randomized. The decision to perform 
CBDE during the operation was based on all relevant 
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considerations, including operative cholangiography. A 
CBDE was performed in all patients without a technically 
satisfactory intraoperative cholangiogram that did not 
show CBD stone(s). T-tube cholangiograms were per- 
formed in the early postoperative period in all patients 
who had CBDE. For purposes of this paper, innumerable 
CBD stones are defined arbitrarily as more than than 20. 
The accuracy of numeration beyond that point becomes 
questionable. 

Duration of surgery in minutes and days of hospital- 
ization from the day of surgery until hospital discharge 
were calculated for all patients. The cost of professional 
services at the adjusted prevailing rate was calculated based 
on Medicare allowable charges for the endoscopist, sur- 
geon, and anesthesiologist for our Medical Service Area. 
Actual median duration of operation in our patients was 
used to calculate anesthesiology fees. Radiologist charges 
were not determined. The fee for interpretation of radi- 
ograms associated with ES would be approximately bal- 
anced by the additional fees for postexploration cholan- 
giogram in patients with CBDE. 


Results 


Fifty-two patients completed the study. Twenty-six pa- 
tients were randomized to ES&S (group 1) and 26 to SA 
(group 2). The patients in the two groups were comparable 
as to age, sex, and indication for ERCP. Multiple indi- 
cations for ERCP were present in several patients. The 
patients were predominantly young Hispanic women 
without significant comorbidity. Relevant data are listed 
in Table 1. 

The interval from ERCP to operation varied. The in- 
terval in group | ranged from 0 to 213 days and in group 
2 from 0 to 24 days. Five patients in group | and four 
patients in group 2 underwent surgery within 48 hours of 
ERCP. The median time from ERCP to operation was 4 
days in each group. Delays of 48 hours to | week after 
ERCP usually were due to scheduling problems. Longer 
delays were a result of patient refusal to proceed with 


surgery. 


TABLE 1. The Demographics of the Patients 
and the Indications for ERCP 


ES and Surgery 
Surgery Alone 
(26 cases) (26 cases) 


Demographics 
Male:female 6:20 3:23 


Mean age (years) 48.4 (31-78) 42.4 (20-86) 
Indication for ERCP 
Jaundice (bili. > 2 mg. %) 17 18 
Hyperamylasemia 6 3 
Ultrasound positive CBD: stones 
or > | cm 14 13 
Bili., bilirubin. 
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Exact data were not available concerning the number 
of cases of suspected CBD stones screened by ERCP who 
would have been asked to participate in the study had a 
CBD stone been demonstrated. A review of the endoscopy 
log suggests that about three patients were screened for 
each patient who was randomized. 


Group 1: Endoscopic Sphincterotomy and Surgery 


Endoscopic sphincterotomies were performed in 24 of 
the 26 patients. Sphincterotomy was not technically fea- 
sible in two patients. A CBDE was not performed in 14 
patients with a normal intraoperative cystic duct chol- 
angiogram. A CBDE was performed in the remaining 12 
patients. These included the two patients with an unsuc- 
cessful attempt at ES. Stones were retrieved in 9 of the 
12, or 35%, of the original 26 patients. In seven of these 
nine patients with persistent stones after ES, an attempt 
at clearance of the CBD by basket retrieval of CBD stones 
had been made during the endoscopic procedure. Oper- 
ation was performed on these 9 patients from 1 to 213 
days after sphincterotomy, with a median of 4 days. 

Stones were not found in 3 of the 12 patients with a 
CBDE. In two of these three patients the surgeon did not 
perform a pre-exploration cholangiogram. His reasons 
were a serum bilirubin of 6 mg/100 mL with previous 
cholangitis in one patient and a common bile duct that 
measured 1.5 cm in diameter in the other. Regardless of 
the result of the cholangiogram, he intended to explore 
the duct. These operations were performed 5 and 12 days 
after ES, respectively. In the final patient with a negative 
CBDE, blood clots were found as an explanation for an 
abnormal cholangiogram. Because of scheduling feasibil- 
ity, this operation was performed on the same day as the 
endoscopic sphincterotomy. 

Three patients in group | had persistent stones after 
CBDE. In two patients the stones were documented by 
postoperative T-tube cholangiogram. A 21-year-old 
woman with innumerable CBD stones and hepatic duct 
stones required an emergent operation for postsphincter- 
otomy hemorrhage from the ampulla. A duodenotomy 
was performed and hemostasis was secured by transduo- 
denal sutures. The CBD was explored but the surgeon did 
not persist in an attempt to remove all of the intrahepatic 
stones in this seriously ill patient. A second patient had 
innumerable stones removed from the CBD and hepatic 
ducts at operation performed 24 hours after sphincter- 
otomy. Completion cholangiogram was normal. The sur- 
geon decided to rely on the sphincterotomy for passage 
of any residual covert stone rather than to perform a cho- 
ledochoenteric anastomosis. Postoperative cholangiogram 
revealed a persistent stone. The third patient, also with 
innumerable stones in the CBD, had a normal postop- 
erative T-tube cholangiogram. She returned several 
months after removal of the T tube with jaundice. Resid- 
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ual stones were documented by ERCP. The residual stones 
in all three patients were managed successfully by basket 
retrieval or endoscopic clearance. 


Group 2: Surgery Alone 


Cystic duct cholangiogram was normal in three patients 
and a CBD exploration was not performed. Common bile 
duct exploration was performed in the remaining 23 pa- 
tients. Common bile duct stones were present in 19, or 
73%, of the original 26 patients. Stones were not found 
in four patients at CBDE. The surgeon decided against 
pre-exploration cholangiogram in two of these four pa- 
tients because of the positive ERCP that was performed 
4 and 6 days earlier, respectively. A third patient had a 
total bilirubin level of more than 10 mg/100 mL imme- 
diately before operation and the final patient had a CBD 
that measured 2 cm in diameter. In both of the latter 
patients, the surgeon was unwilling to omit common bile 
duct exploration, regardless of the results of cholangiog- 
raphy. 

Three of the twenty-six patients (12%) in group 2 had 
persistent stones after CBDE. This represented 16% of the 
patients with stones in group 2. Two of these three patients 
had innumerable stones removed from the common bile 
duct and hepatic ducts during the operation. Completion 
cholangiograms were negative in both of these patients. 
The surgeon elected not to perform an operative chole- 
dochoenteric drainage but rather to rely on radiologic or 
endoscopic intervention after operation for any residual 
covert stones. A postoperative T-tube cholangiogram re- 
vealed residual stones in each patient. These were suc- 
cessfully managed by basket retrieval or endoscopic clear- 
ance. A third patient with 12 stones at operation had a 
normal postoperative T-tube cholangiogram. At the time 
of his death 18 months later from colon cancer, autopsy 
revealed a CBD stone. 

Data regarding status of stones in the CBD at various 
times in the study are depicted in Table 2. The end point 
of the study was designed to be stones present at operation 
in group | and after the operation in group 2. The 35% 
incidence of persistent stones after ES as compared to a 
12% incidence after CBDE in group 2 is significant by 
Fisher’s exact test, with a p value less than 0.05. For pur- 
poses of statistical analysis, patients were left in the original 
group to which they were randomized. 


Complications 


Hyperamylasemia developed in three patients in group 
2 after ERCP but resolved in each patient within 72 hours. 
There was one episode of major hemorrhage in each 
group. The case of hemorrhage after ES in group | that 
required emergency celiotomy has already been discussed. 
A patient in group 2 had a dense inflammatory process 
with a cholecystoduodenal fistula identified during op- 
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TABLE 2. The Number of Cases with Stones in the CBD 
at Various Times During the Study 














Surgery 
ES and Surgery Alone 
No. Pts. (%) No. Pts. (%) 
At ERCP 26 (100%) 26 (100%) 
| 
Sphincterotomy 
At operation before CBDE 9 (35%)* 19 (73%) 
At follow-up 3 (12%) 3 (12%)* 
* p = <0.05. 


eration. The fistula was not seen during endoscopy. The 
fistula was closed. The patient bled after operation and 
required re-exploration with religation of the cystic artery. 

There were no deaths in either group. Other compli- 
cations were one minor hemorrhage from the papilla in 
one patient from group 1 and one from the wound in one 
patient in group 2, a minor wound infection that occurred 
in a patient in each group, a sacral decubitus in a patient 
in group 1, and a forearm rash in a patient in group 2. 

A major complication occurred in a patient being 
screened for participation in the study, but not as yet ran- 
domized. A 50-year-old woman had been admitted to the 
hospital with gallstone pancreatitis. After the serum am- 
ylase returned to normal and clinical manifestations of 
pancreatitis resolved, she underwent ERCP. A duodenal 
perforation occurred and emergency celiotomy was per- 
formed with closure of a 15-mm perforation. Cholecys- 
tectomy and CBDE were performed. One stone was re- 
trieved from the CBD. 


Endoscopic Sphincterotomy Versus CBDE 


The success of ES or CBDE in clearing the CBD of 
stones was calculated by comparing the result of ES in 
patients with CBD stones documented by ERCP imme- 
diately before ES with that of CBDE that was performed 
in cases with proved stones during operation from either 
group. Seventeen of twenty-six patients (65%) were stone 
free after ES as documented by subsequent intraoperative 
cholangiography. Seventy-nine per cent of the 28 patients 
with documented stones at the time of operation were 
stone free after operation. Five of the six patients with 
residual stones after CBDE had innumerable CBD stones 
(Fig. 1). The above calculations represent cross-over from 
original randomization and two disparate populations of 
patients. It was concluded that a study of a statistical dif- 
ference between these two populations would not be valid. 


Time Considerations 


The median duration of operation in patients random- 
ized to group 1 (ES&S) was 151 minutes, with a range 
from 80 to 300 minutes. The median duration of hospi- 
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FIG. 1. This cholangiogram was obtained at the time of ERCP and reveals 
innumerable CBD stones. The patient was randomized to ES. There 
were two residual stones in the CBD at the time of the operation, which 
was performed 48 hours later. 


talization in group 1, beginning with the day of surgery, 
was 5 days, with a range from 2 to 19 days. The median 
duration of operation in patients randomized to group 2 
(SA) was 214 minutes, with a range from 115 to 420 min- 
utes. The median duration of hospitalization in this group 
was 6 days, with a range from 4 to 22 days. 

The duration of hospitalization from the day of surgery 
in patients with successful ES and who did not require 
CBDE ranged from 2 to 12 days, with a median of 5 days. 
The comparable figures for patients from either group 
who underwent CBDE were a range of 4 to 22 days and 
a median of 7 days. 


Professional Cost 


Professional fees for the endoscopist, surgeon, and 
anesthesiologist as calculated for Medicare reimbursement 
for a typical case are depicted in Table 3. For a patient 
with successful ES who did not require CBDE, the profes- 
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sional fees totaled $2952.00 and those for a patient un- 
dergoing cholecystectomy and CBDE the fees were 
$2740.00. : 


Discussion 


Endoscopic sphincterotomy was first described in 1974 
independently by Classen and Demling in Germany,’ and 
Kawai from Japan.’ Sphincterotomy initially was used 
for patients with recurrent or retained CBD stones after 
cholecystectomy with or without CBD exploration.!®!! 
As experience grew the application of sphincterotomy in 
the management of CBD stones was advocated in high- 
risk patients,'* patients with cholangitis, and patients 
with acute biliary pancreatitis.'* Endoscopic sphincter- 
otomy to permit stone passage has been suggested as an 
alternative to cholecystectomy in patients with cholecys- 
tolithiasis with or without choledocholithiasis and with 
or without a patent cystic duct*!*-'® or as a method for 
managing choledocholithiasis before elective surgery in 
patients with synchronous cholecystolithiasis and choled- 
ocholithiasis.'”*° The latter indication is the subject of 
this study and has been the basis for one previous ran- 
domized study.”! 

Reports of the efficacy of ES in clearing the CBD of 
stones are as high as 90%.” Cases with basket retrieval or 
the use of other techniques for clearance of stones as well 
as those with spontaneous passage are included. Most 
studies report a percentage of clearance at the completion 
of the initial procedure, whereas others calculate the per- 
centage based on multiple endoscopic procedures.””7! Few 
studies have verified that the ducts are stone free by sub- 
sequent cholangiography. Surgeons are well aware that 
cholangiography at the completion of CBDE may not re- 
veal calculi, whereas the postoperative cholangiogram will 
reveal residual stone. 

The literature on the efficacy of CBDE in clearance of 
CBD stones is also somewhat confusing. Reports may state 
the percentage of residual stones by postoperative chol- 
angiogram of all patients who had a CBDE or only among 
those with a CBDE whose ducts harbored stones. Way 
and associates? reported a 7% incidence of retained 


TABLE 3. The Cost of Successful ES and Cholecystectomy Compared 
to that of Cholecystectomy and CBDE 


Successful ES and Surgery 
Cholecystectomy and CBDE 
Hospital wn ee ee e 


>Preop. Days for ES >Postop. Days for CBDE 


Endoscopy Suite >OR Time 
Professional fees 

Endoscopist $800 

Surgeon $1312 $1680 

Asst. surgeon $328 $420 

Anesthesiologist $512 $640 
Total $2952 $2740 
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stones, a rather typical figure. This was for all cases of 
CBD exploration. The incidence among cases with cho- 
ledocholithiasis was 10%. In a series reported subsequent 
to the introduction of intraoperative choledochoscopy, 
Felliciano and associates?” reported a 8.9% incidence of 
retained stones in patients with CBDE who had ductal 
stones. Glenn,” in a collected series from various clinics 
of 16,700 cases of CBDE, reported a 4.3% incidence of 
retained CBD stone. The rate among cases from whom 
stones were removed was 9.5%. Thus a figure of about 
10% for the incidence of retained stones by postoperative 
cholangiogram among patients with CBD stones at op- 
eration probably is a reasonable estimate. 

Experienced surgeons know that the risk of retained 
stones is vastly increased in patients with innumerable 


stones in the common and hepatic ducts. A negative 


completion cholangiogram too often fails to reveal a covert 
stone lurking in an hepatic duct that is demonstrated on 
a postoperative cholangiogram. Cotton? has emphasized 
the hazards inherent in attempting to compare reported 
results within and between groups of patients treated by 
ES or CBDE. 

In this study a significantly greater number of CBD 
stones were present at surgery in cases randomized to pre- 
operative ES than in patients randomized to surgery alone. 
This was the intended end point of the study. The inci- 
dence of residual stones among patients undergoing ES 
also was higher than that of all patients in the study who 
underwent a CBDE and in whom stones were present. 

There are hazards in interpretation of this data with 
respect to residual stones. Seven patients in whom stones 
were documented at the time of ERCP and who were 
randomized to surgery alone did not have stones in the 
CBD at the time of operation. Presumably the stones were 
passed spontaneously between ERCP and the day of op- 
eration. Credit is given to ES for clearance of stones in 
all patients undergoing ES and in whom stones were not 
present at the time of operation (17 patients). A number 
of these patients might have passed these stones sponta- 
neously without endoscopic sphincterotomy. Finally 
stones present in the CBD after sphincterotomy could 
represent stones that passed from the gallbladder to the 
CBD after ES and successful clearance of the CBD and 
in the interval between ES and surgery. We assumed that 
all CBD stones present at surgery and after ES were failures 
of ES. 

This study demonstrates the challenge in management 
of innumerable CBD stones. Three patients from each 
group had residual stones at the completion of the study. 
Five of these six patients had innumerable CBD stones. 
When 20 or more stones are removed from the CBD, one 
or more additional stones are likely to be present. 
Formerly such cases were considered during the first op- 
eration for a drainage procedure to permit subsequent 
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passage of residual stones. Controversy existed as to 
whether the preferable procedure was a choledochoduo- 
dostomy, choledochojejunostomy, or transduodenal 
sphincteroplasty. With the advent of basket retrieval and 
ES, such drainage procedures are less frequently used at 
the first operation.?**° As in the cases in this study, the 
surgeon is more prone to rely on postoperative basket 
retrieval or transduodena! endoscopic procedures for re- 
trieval of residual stones. Such procedures were successful 
in our patients with retained stones after surgery. 

Complications of ES were significant. They included 
three instances of hyperamylasemia, one episode of major 
hemorrhage, and one episode of duodenal perforation in 
a patient screened but not randomized to the study. Con- 
versely there was one major episode of hemorrhage in the 
SA group. 

There were no deaths among our patients. This 1s con- 
sistent with experience with either cholecystectomy and 
CBDE or ES in good-risk patients. With either of these 
procedures the mortality risk should not exceed 
1%,19222728 A policy of ES before surgery could not be 
expected to effect favorably this low mortality rate from 
cholecystectomy and CBDE in good-risk patients, and 
indeed the cumulative mortality from both procedures 
might be higher than that for either alone. 

Our results must be compared with those reported by 
Neoptolemos and associates?! in their randomized study 
of ES and surgery or surgery alone in cases similar to ours. 
They randomized twice as many cases. The interval be- 
tween endoscopy and surgery varied widely as in our pa- 
tients. The definition of successful ES and stone clearance 
was a Clear duct, as judged by the endoscopist, at the end 
of the endoscopic procedure rather than findings at sub- 
sequent operation, the end point of our study. Cholan- 
giograms performed at the time of ES were assumed to 
be 100% accurate, a most questionable assumption. Five 
patients refused surgery after ES and had no further ob- 
jective confirmation of the success of ES. One patient, 
defined as a success for ES, required more than one en- 
doscopic procedure for stone clearance. The paper does 
not state whether at operation every case had either a 
negative cholangiogram or a CBDE. In two ‘successful’ 
cases of ES, CBD stones were present at the time of op- 
eration. The stones in these patients were assumed to have 
passed from the gallbladder to the common duct in the 
interval between ES and surgery. We considered all CBD 
stones at surgery to represent failure of ES. Thus their 
figure of 91% success for ES cannot be compared with 
our figure of 65%, and such an attempt would epitomizes 
Cotton’s”” caution of comparing “apples and oranges.” 

Major complications reported by Neoptolemos?! were 
more frequent in patients with ES than in those with SA. 
A review of their data leads to the conclusion that the 
severity of the major complications also was greater with 
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ES. This is consistent with our experience, although our 
overall rate of complications was low in both groups. 

The actual costs of all hospitalization were not com- 
pared among the patients randomized to the two arms of 
this study. Variations in duration of hospitalization that 
were due to nonmedical reasons, such as scheduling for 
endoscopy and surgery, surgeon and endoscopist avail- 
ability, and patient vacillation to accept surgery, would 
make such determinations meaningless. The duration of 
hospitalization from the day of surgery was compared be- 
tween the two randomized groups as well as between those 
patients who did and did not require CBDE. The median 
duration of additional hospitalization in patients ran- 
domized to SA was | day and in all cases of CBD explo- 
ration was 2 days. The additional postoperative hospital- 
ization with CBDE would be offset in a patient with ES&S 
by the preoperative hospitalization associated with the 
endoscopic procedure. The added operating room charges 
for a CBDE would be offset by the facility fee for the 
endoscopy suite used for the ERCP and ES. Our estimate 
of professional fees for these two approaches to the man- 
agement of synchronous cholecystolithiasis and choled- 
ocholithiasis on an elective basis reveal that the charges 
would be marginally greater for the endoscopist, surgeon, 
and anesthesiologist in patients undergoing successful ES 
followed by cholecystectomy then would be true of the 
patient undergoing cholecystectomy and CBDE. In con- 
clusion, for an individual patient who underwent a suc- 
cessful ES before surgery, the facility and professional costs 
would be about equal for the two approaches. Van Stieg- 
man and associates” compared two groups of nonran- 
domized and questionably comparable cases and con- 
cluded that preoperative ES would be cost-effective. Their 
cases with CBDE were hospitalized an additional 4.4 days 
at $1085.00 per day. If this seemingly excessive duration 
of hospitalization had not occurred there would not have 
been a cost benefit. 

Despite the above conclusion regarding an individual 
case of successful ES&S, a general policy of ERCP and 
ES before elective surgery in the management of patients 
with cholecystolithiasis and suspected choledocholithiasis 
would be much greater than that for SA because of the 
screening costs necessary to identify patients with CBD 
stones. An extensive literature exists with respect to the 
yield in identification of CBD stones that may be antici- 
pated at elective surgery based on various indicators such 
as jaundice, previous pancreatitis, dilated duct, or palpable 
stones.” These studies establish that a minority of patients 
with other than a palpable stone will harbor a CBD stone 
at the time of operation. Thus if one were to screen pa- 
tients using our indications, namely, a serum bilirubin 
level greater than 2 mg/100 mL, a dilated duct by ultra- 
sound, and a history of hyperamylasemia, one would pre- 
dict confidently that not more than one in three patients 
would be identified with CBD stones. In addition CBDE 
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would still be required for those patients in whom ES 
failed to clear the ducts. The total cost of the program 
would be much greater. 

The results of this study do not support the routine use 
of ES as a preoperative procedure for removal of CBD 
stones in patients with cholecystolithiasis and choledo- 
cholithiasis who are candidates for elective surgery. Nei- 
ther efficacy in clearing the CBD of stones, morbidity of 
the procedure, nor cost would favor a preoperative en- 
doscopic sphincterotomy. These conclusions are similar 
to those of Neoptolemos and associates”' based on their 
randomized study. These conclusions should not be ap- 
plied to other indications for ES. The results of our study 
are not relevant to the role of ES in patients with severe 
acute gallstone pancreatitis, cholangitis, retained stone af- 


ter previous biliary surgery, or to the treatment of patients 


with high surgical risk. They should not be applied to a 
patient with obstructive jaundice who undergoes an ERCP 
to determine whether obstruction is due to stone or tumor. 
A stone may be identified in the common bile duct. It is 
reasonable under such circumstances for an ES to be per- 
formed to permit passage of the stone. Preferably 48 hours 
should lapse between ES and surgery to allow the passage 
of any residual stone(s). The result of a cholangiogram 
performed at the time of ES should not be accepted. The 
surgeon should perform an intraoperative cholangiogram. 
Finally there is current intense interest in laparoscopic 
cholecystectomy.* The management of CBD stones in 
patients selected for that procedure has not been stan- 
dardized. The results in clearance of the CBD of stones 
that we report can be a part of the debate that will occur 
as to whether laparoscopic cholecystectomy might be pre- 
ceded or followed by ES. 
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DISCUSSIONS 


Dr. RONALD K. TOMPKINS (Los Angeles, California): Dr. Donovan 
and his coauthors are to be congratulated for designing a prospective 
randomized trial comparing endoscopic papillotomy to operation for 
the treatment of patients with common duct stones. 

Their findings were that 35% of the patients treated by endoscopic 
papillotomy had residual common duct stones, proved at operation, a 
median of 4 days after procedure, compared to the 12% of surgically 
treated patients who had residual common duct stones at the time of 
postoperative T-tube cholangiogram. 

Clearly, in the author’s institution, a patient with common duct stones 
who is treated by operation is three times less likely to have residual 
common duct stones than the patient treated by endoscopic papillotomy. 

However, if the patient treated by endoscopic papillotomy for common 
duct stones then undergoes subsequent cholecystectomy and is found to 
have common duct stones, that patient has a 33% chance of having 
postoperative retained stones. That is, three of nine of their patients with 
stones in group | had retained stones at the end of the operation. Why 
should che residual postoperative stone rate be twice as high in that 
group as It was in group 2, which was only 16%; 3 of 19 patients who 
underwent operation with stones in the common duct? 

The authors suggested that complications of papillotomy and unwise 
reliance by the surgeon on previous ERCP and papillotomy may be 
major factors. The question logically arises as to whether biliary endoscopy 
was used in all these patients, and in both groups was completion T- 
tube cholangiography performed at the end of the procedure? 

Studies from a number of institutions, our own included, have dem- 
onstrated the ability of operative choledochoscopy or cholangioscopy 
and completion cholangiography to reduce residual common bile duc 
stones to less than 2%, often to zero. 

Undoubtedly the endoscopists who read this paper will argue that 
more time should have been given to the papillotomy patients to pass 
their stones before operation. However some of the patients, as Dr. Don- 
ovan has noted, went as long as 213 days before operation after the 
papillotomy was done. So I do not think that is a very good argument. 

The real question is whether in nonemergent patients with common 
duct stones it makes sense to subject them to a preoperative ERCP and 
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papillotomy before removing their gallbladders. It does not make sense 
to compound the risk to the patient by performing two procedures, that 
is, endoscopic papillotomy and then adding cholecystectomy and com- 
mon duct exploration when the latter procedure has a better success rate 
as demonstrated by the authors. 

They have presented a wealth of data in their manuscript and, like all 
good studies, it raises more questions for future work. I would ask them, 
in addition, if they had any patients with unusual biliary problems in 
this series, such as the oriental cholangiohepatitis patients that they have 
described before, and what were their exclusion criteria for this study. 

Also how many endoscopists and how many surgeons participated in 
the procedures? 


DR. TALMADGE BOWDEN (Augusta, Georgia): I find this to be a very 
well-designed study that, unfortunately, in view of recent endoscopic 
advances, may be a bit obsolete. 

I agree with Dr. Tompkins that the 65% stone clearance rate by en- 
doscopic papillotomy is too low. As you know, you should expect an 
80% to 90% clearance rate. 

I, too, want to know if you, in your hospital routine, do intraoperative 
choledochoscopy, which is clearly an additional marriage of endoscopy 
to surgery that is very worthwhile? 

Dr. Donovan, in reviewing your bibliography, I noted that there were 
three studies that you did not reference. Because these studies do support 
the thesis that preoperative endoscopic sphincterotomy may be of benefit, 
let me briefly summarize them. 

Worthley from Australia compared common duct exploration in 102 
patients with endoscopic sphincterotomy and 50 patients with surgery 
and found 26% fewer complications after sphincterotomy than after 
common duct exploration. He also showed a clear difference in mean 
hospital stay, with sphincterotomy being 3 days and surgery alone 7 
days. 

Heinerman studied 728 patients in whom ERCP and stone extraction 
were performed 2 to 4 days before cholecystotomy. These authors reduced 
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their complication rate from 21% to 2% and the residual stone rate was 
reduced from 2.2% to 0.5%. Mortality rates were also reduced. 

Poncion from Lyon, France, found that preoperative endoscopic 
sphincterotomy reduced residual stone rate and decreased the length of 
hospitalization. 

Clearly the concept of preoperative endoscopic sphincterotomy has 
merit and should be evaluated further and joined with laparoscopic cho- 
lecystectomy and laparoscopic common duct exploration. 

This will probably be the sequence of events and is the sequence of 
events in America today. If common duct stones are suspected, the patient 
undergoes ERCP and then goes to laparoscopic cholecystectomy. During 
surgery a decision would be made as to whether further common duct 
exploration would be of benefit on the basis of intraoperative cholan- 
giography. 

Ifa common duct stone is found during laparoscopic cholecystectomy, 
most patients then will be subjected to endoscopic sphincterotomy, either 
late that afternoon or the next day. I believe this is what we are going 
to now. 


Dr. ROBERT HERMAN (Cleveland, Ohio): Dr. Donovan and his col- 
leagues have brought up a number of issues in this interesting paper. 
The effectiveness of endoscopic sphincterotomy, the efficacy of common 
bile duct exploration, the problem of appropriate management of the 
patient with more than 20 bile duct stones and, finally, the cost of ERCP 
and endoscopic sphincterotomy and its value before a cholecystectomy 
when bile duct stones are suspected by preoperative studies. 

The manuscript goes into all of these issues in detail. Their results 
show that endoscepic sphincterotomy is not always effective. As men- 
tioned 35% of patients still had stones in the bile duct at operation in 
group 1, randomized to endoscopic sphincterotemy and surgery. Fur- 
thermore it had some significant complications—hemorrhage, a perfo- 
ration, and hyperamylasemia in three patients. 

While operative bile duct exploration also was not completely effective 
in removing all bile duct stones, at least a T tube could be placed and 
the retained stones removed later through the tube. 

Also, as implied in the manuscript, when more than 20 stones are 
found in the bile duct, there is a good argument for considering a cho- 
ledochoduodenostomy in addition to the bile duct exploration. 

In fact our data from Cleveland would indicate that if more than five 
stones are found in a dilated bile duct, choledochoduodenostomy should 
be considered. 

In regard to the costs, if all patients with suspected bile duct stones 
had preoperative ERCP, this alone would add to the costs of these pro- 
cedures. Interoperative cholangiography will give the same information 
faster and cheaper. 

The only time I would recommend preoperative ERCP and preop- 
erative endoscopic sphincterotomy in patients suspected of having bile 
duct stones, I believe, as Dr. Bowden mentioned, would be in cn 
scheduled for laparoscopic cholecystectomy. 

In this group of patients it seems to make some sense and may bs 
cost-effective. I wonder if Dr. Donovan would comment further on this 
group of patients. 


DR. WILLIAM NEALON (Galveston, Texas): As the other discussants 
have mentioned, a 35% rate of stone retention after endoscopic sphinc- 
terotomy and stone extraction is far in excess of any of the many large 
series that have been reported on that procedure. I was wondering if the 
authors, aside from stone number, have discussed with their endoscopic 
colleagues the technical features that might account for that high note. 
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The previous discussants also mentioned the combination of this pro- 
cedure with laparoscopic cholecystectomy. That is very clearly one that 
makes this discussion very pertinent. Use of preoperative endoscopic 
sphincterotomy can be easily coupled with that operation. 

Pertinent to that concept, I wonder if the authors have a logic for the 
delay by having a relatively prolonged time after the endoscopic sphinc- 
terotomy before their operations. Possibly some of the costs that they 
have encountered by an otherwise separate admission or perhaps by a 
prolonged hospitalization caused by a delay after the endoscopic pro- 
cedure before they have their operation might be overcome by simply 
proceeding, even the next day, to operation after their endoscopic 
sphincterotomy. Could comment on your reasons for delay? 


Dr. ARTHUR J. DONOVAN (Closing discussion): Several people have 
commented with respect to the incidence of retained stones after the 
endoscopic papillotomy. There was an excellent article by Dr. Cotton, 
in which he discussed ‘apples and oranges,’ and the problem of comparing 
dissimilar groups of patients and dissimilar criteria for determining success 
rates of either papillotomy or surgery. In studies that report a 90% success 
rate with sphincterotomy, that rate is not verified by subsequent chol- 
angiography. It is based on the conclusion of the endoscopist at the 
completion of the procedure. Every surgeon in this room knows the 
fallacy of the completion cholangiogram at the time of surgery. In patients 
with stones that were present in the ducts after his ‘successful’ papillotomy, , 
Neoptolemos assumed that they had passed from the gallbladder into 
the duct tn the interval between papillotomy and surgery. We assumed 
any stone in the duct to have been one that we left behind. I do not 
think you can compare the figures. The discussants have commented 
with respect to the number of retained stones. Five of six of these post- 
operative instances were in the group of patients with more than 20 
stones that Dr. Herman discussed. There is a dearth of information about 
the exact incidence of retained stones as related to the numbers of stones 
removed at the time of surgery, Every one of us knows that when you 
remove 20 to 25 stones from the common bile duct, it is very likely that 
there is an additional stone. 

With respect to Dr. Tompkins’ question, we routinely use choledoscopy 
and completion cholangiography. The questionable cholangiogram that 
I mentioned was the patient who required emergency celiotomy for con- 
trol of papillotomy hemorrhage. 

The surgical procedures were performed by a variety of attending sur- 
geons and surgical residents. The sphincterotomies were done by fellows 
in gastroenterology supervised by either one or two of the attending staff 
in gastroenterology. 

We did not use exclusion criteria. This study would probably raise a 
question as to whether we should have used some exclusion criteria in 
terms of the numbers of stones and the magnitude of the calculus disease 
present in the biliary ductile system in patients who would be included 
in the study. 

To address the question of the relationship of this study to the explosion 
of interest in laporoscopic cholecystectomy, it is clear, as was pointed 
out by both Dr. Bowden and Dr. Nealon, that the results of this study 
can bear relationship to the patient who is to undergo laparoscopic cho- 
lecystectomy who harbors a stone in the common bile duct. 

It would be appropriate to re-emphasize that this study only relates 
to one indication for endoscopic sphincterotomy, as a preoperative pro- 
cedure in patients having elective surgery. The results should not be 
applied to other indications and uses of this procedure. Endoscopic 
sphincterotomy is probably one of the most valuable therapeutic mo- 
dalities that I have seen introduced. 
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To investigate the long-term effectiveness of choledochoduode- 
nostomy (CDD), the experience with 71 patients followed for 5 
or more years after CDD was analyzed retrospectively. From 
1968 to 1984, 134 patients underwent CDD. Eight patients (6%) 
died in the immediate postoperative period, 55 left the hospital, 
8 of them were lost to follow-up, and 47 were followed but died 
before 5 years elapsed after CDD. The remaining 71 patients 
form the data base for this analysis: 38 were followed for more 
than 5 years, 25 were followed for more than 10 years, and 8 
were followed for more than 15 years (X 12.1 years + 1.3 SEM). 
Choledocholithiasis, chronic pancreatitis, and postoperative 
stricture were the indications for CDD. Cholangitis was observed 
in only three patients. The diameter of the common bile duct 
(CBD) was large in most patients (x 18 mm + 0.9 SEM). These 
results infer that CDD is effective to treat non-neoplastic ob- 
structing lesions of the distal CBD on a long-term. basis and that 
the presence of a dilated CBD (more than 16 mm) that allows 
the construction of a CDD more than 14 mm is essential to 
obtain good results. 


choledochoduodenostomy (CDD) have appeared 
with increasing frequency in journals published in 
the United States. Most of them are from American 
surgeons’~” documenting their increasing interest and 
factual experience with this procedure. There are also sev- 
eral series of CDD analyzed by surgeons from Europe,'* 
13 Ysrael,'*-'® and Latin America.!? With all this infor- 
mation, the indications for constructing a CDD to treat 
obstructions of the distal common bile duct (CBD) have 
been better defined. 
Furthermore the advantages offered by this procedure, 
as well as its risks and disadvantages, also have been well 
noted in most of the already quoted bibliographic refer- 
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ences. However, with two exceptions,'*”° the long-term 


results of CDD, particularly in reference to the incidence 
of complications such as cholangitis and the ‘sump syn- 
drome,’ have not been documented clearly. 

This review analyzes the results observed in a group of 
patients who underwent CDD, mostly for non-neoplastic 
obstructive lesions of the distal CBD, who were followed 
for a minimum of 5 years. 


Materials and Methods 


The records of all patients who had an anastomosis 
surgically constructed between the common hepatic bile 
duct (CHBD) or the CBD and the first or second portion 
of the duodenum during a period of 17 years from 1968 
to 1984 at the University of Alabama and Veterans Ad- 
ministration Hospitals were reviewed retrospectively. 
There were 134 such patients. Eight of them (6%) died 
after operation; the other 126 patients left the hospital 
alive but eight of them (6%) were lost to long-term follow- 
up. The remaining 47 (35%) died 6 or more months after 
their CDD. The remaining subgroup of 71 patients was 
followed for 60 or more months. They were alive at the 
time of completion of this study (January 1990) and con- 
stitute its patient data base (Fig. 1). Most of them were 
followed as outpatients with regularly scheduled visits ev- 
ery 6 to 12 months. At the time of this study, the infor- 
mation was updated by personal interview or via tele- 
phone in 59 patients, and with their relatives in the other 
12. The usual statistical methods were used to determine 
the likelihood that the differences were due to chance. 


636 
Choledochoducdenostomies UAB & VA Hospital 1968-1984 


134 Patients 
8 Post Operative 
Deaths (6%) 


71 Alive 
Followed 
>5 yrs (53%) 


4 Hy 8 Lost to 
25 From Follow-u 
Years (28%) si 14 47 (6%) á 


Years (19%) Late 







a 22 29 Initial 
eae Ot Benign peg Diagnosis 












13 9(6.7%) 34 Cause 
Benign Benign Malignant of 
(9.3%) Malignant (25%) Death 


Fic. 1. Outcome of 134 patients who underwent choledochoduodenos- 
tomy. The 71 who survived 5 or more years comprise the patient data 
base of this analysis. 


Results 


Main Patient Data Base (Cases Followed for 5 or More 
Years) 


Of the 71 patients who survived CDD for 5 or more 
years, 37 are men (52.1%) and 34 are women (47.9%); 
their ages ranged from 21 to 95 years (x 59.5 + 2.0 
years SEM). 

Depending on the Jength of their follow-up period after 
CDD, these patients were categorized as follows: group 
A, followed from 5 to 9 years; group B, followed from 10 
to 14 years; and group C, followed for 15 or more years 
(Table 1). The indications for the CDD were choledo- 
cholithiasis in 40 (56.3%), chronic pancreatitis with cho- 
ledocholithiasis in 9 (12.7%), chronic pancreatitis without 
choledocholithiasis in 14 (19.7%), and postoperative 
strictures in 8 (11.3%). An elevated level of total bilirubin 
in serum (more than 1.5 mg/100 mL) was found in 61 
patients (86%). The levels of alkaline phosphatase in serum 
ranged from 53 to 910 international units (IU) (x 567 
+ 2.8 SEM). The diameter of the common bile duct, as 
recorded in the operative note, ranged from 8 to 47 mm 
(x 18 mm + 0.9 SEM). This information is categorized 
by groups in Table 2. 
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The technical variations of the CDD were side-to-side 
(S-S) in 67 patients (94.3%) and end-to-side (E-S) in four 
patients (5.7%). In six of these cases (8%), the main hepatic 
duct rather than the CBD was used (Table 3). In only two 
cases (2.8%), a tubular stent was left through the CDD. 

There were 22 complications observed in 20 patients 
(28%) within the 30 days following operation. Wound 
infection that occurred in eight (11%) was the most com- 
mon. The other observed postoperative complications are 
summarized in Table 4. 

There were three cases (4.2%) of proved cholangitis 
documented by fever of more than 38° C, associated with 
chills, elevated total bilirubin (more than 4 mg/dc), and 
elevated alkaline phosphatase (more than 200 IU). All of 
these three patients survived their CDD 15 or more years 
(group C) and their episodes of cholangitis warrant de- 
scription. The first patient underwent CDD in 1971 to 
correct a postoperative stricture of the CBD; the con- 
structed CDD measured only 12 mm in diameter. Five 
years after operation in 1976, she had two episodes of 
cholangitis that lasted 2 and 4 days, respectively. She was 
treated with intravenous antibiotics and never again de- 
veloped signs or symptoms of bacterial cholangitis; she 
remains well in 1990. 

The second patient has been followed since 1972. He 
required a CCD that was 10 mm in diameter to correct 
a stricture of the CBD secondary to an operative injury. 
Two years later he developed an active duodenal ulcer 
that partially obstructed the CDD resulting in jaundice, 
fever and chills. The duodenal ulcer was treated medically 
and the signs and symptoms of cholangitis subsided. In 
the subsequent 15 years, this patient had 21 similar epi- 
sodes; the last one in 1989 persisted for 2 weeks and was 
due to fibrous stenosis of the CDD, assumedly from the 
multiple process of healing the duodenal ulcer that always 
occurred next to the CDD. This was resolved with the 
insertion of a metallic expandable stent placed percuta- 
neously. This patient has remained asymptomatic for the 
last 5 months. 

The third patient was operated on in 1973 at age 29 
years with the presumptive diagnosis of choledocholithi- 
asis. At operation she was found to have sclerosing chol- 


TABLE 1. Demographics of 71 Patients Who Underwent Choledochoduodenostomy and Were Followed for More than 5 Years 


Sex 
Follow-up Mean Follow-up No. of Mean Age 
Group (years) (years) Pts. M F (years + SEM) 
Group A 5-9 hod i 38 (53.5) 22 (58) 16 (42) 6142.7 
Group B 10-14 12.34 .85 25 (35.2) 11 (44) 14 (56) 58+ 4.1 
Group C >15 16.53. 2 8 (11.3) 4 (50) 4 (50) 5647.1 
Total 2141.3 71 (100) 38 (53.5) 34 (46.5) 59 222 


* + SEM, standard error of the mean. 
+ Percentage. 


They are categorized in three groups A, B and C, depending on the 
length of their follow-up period. 
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TABLE 2. Indications for Choledochoduodenostomy and Estimated Diameter of the Common Bile Duct Recorded at the Time of Operation 


Group CBD Lithiasis Lithiasts and CP 
Group A (n = 38) 23 (60.5) 2 (5) 
Group B (n = 25) 14 (56) 6 (24) 
Group C (n = 8) 3.(31;5) 1 (12,5) 
Total (n = 71) 40 (56.3) 9 (12.7) 

* mm. 


+ +standard error of the mean. 


angitis proved by biopsy and a CDD that measured 12 
mm was constructed. Six months later she began to have 
episodes of cholangitis with fever and chills that were 
treated with oral and intravenous antibiotics. She even- 
tually died in 1988 from liver failure; there were 35 re- 
corded episodes of cholangitis for this patient. 

Although at the time of construction of the CDD cho- 
ledocholithiasis was found in 49 patients (69%), recurrent 
choledocholithiasis was not apparent in any of the 71 cases 
analyzed. In 40 patients (56%), cholecystectomy was done 
at the time of the CDD. In the remaining 31 cases (44%), 
the gallbladder had been removed previously. In 26 pa- 
tients (84%) of this subgroup with absent gallbladders at 
the time of CDD, biliary calculi were removed from the 
lumen of the CBD; choledocholithiasis was not found in 
5 patients (16%) from this group. A stenotic ampulla of 
Vater, as judged by the the operating surgeon’s inability 
to pass a calibrated dilator size 3 mm or larger into the 
duodenum, was found in 68 (96%) of the 71 patients. All 
of the three patients in whom ampullary stenosis was not 
found had cholecystectomy before the CDD. 


Patients Not Followed for More Than 5 Years 


Postoperative deaths. Eight patients died in the hospital 
during the same hospitalization for their CDD. Five of 
them were operated on because of malignant neoplastic 
diseases of the pancreas and the bile ducts and they died 
of postoperative complications. In two patients, the CDD 
was done as a desperate attempt to reconstruct their biliary 
system that had been injured in previous operations per- 


TABLE 3. Type of Anastomosis Used in 71 Cases of 
Choledochoduodenostomies* Followed for 5 or More Years 


Group Side-Side (S-S) End-Side (E-S) 
Group A 36 2 
Group B 24 ] 

Group C `; 7 l 
Total 67 4 
* Six hepaticoduodenostomies are included. 
S-S, |. 
E-S, 5. 


Mean Diameter 


Chronic Pancreatitis Postoperative Stricture of CBD 
10 (26.3) 3 (7.9) 18* + 1.2ł 
2 (8) 3 (12) 21 +0.8 
2 (25) 2 (25) 14 +0.7 
14 (19.7) 8 (11.2) 18 +0.9 


CP, chronic pancreatitis. 
Numbers in parentheses are percentages. 


formed at other hospitals; both of these patients had sub- 
hepatic abscesses; both died of sepsis and multiple-organ 
system failure. 

The remaining patient was operated on for acute cho- 
lecystitis and choledocholithiasis and had advanced car- 
diovascular disease with severe coronary artery occlusive 
disease. She died on the seventh postoperative day of in- 
tractable arrhythmias. The demographics, the initial di- 
agnosis, and the cause of death for these patients are shown 
in Table 5. 

Patients lost to follow-up. Despite a persistent search, 
there were eight patients in whom adequate long-term 
follow-up could not be obtained. Six of them had been 
operated on at the Birmingham Veterans Administration 
Hospital and shortly after their operation moved to an- 
other state. Their records were removed from our Veterans 
Administration Hospital and subsequently could not be 
located. All of these six patients left the hospital in good 
conditions with normal liver function tests, so it 1s pre- 
sumed that their operation was initially successful. 

Two other patients were operated on at the UAB Hos- 
pital; one was free of symptoms on an outpatient visit 5 
months after CDD, but subsequent follow-up could not’ 
be obtained. The other patient left the hospital in good 
condition on the eighth postoperative day and was lost 
to follow-up. The details of these eight patients are sum- 
marized in Table 6. 


TABLE 4. Postoperative Complications Other than Cholangitis 
Observed in 71 Patients with Choledochoduodenostomies 


Specific 
Complications Group A GroupB Group C Total 

Pneumonia 1 — ] 2 (2.7%) 
Athelectasis — 3 — 3 (4.1%) 
GI bleeding — — ] 1 (1.4%) 
Pancreatic fistula I — — 1 (1.4%) 
Bihary fistula I — — 1 (1.4%) 
Postoperative fever I — — 1 (1.4%) 
Wound infection 5 3 — 8 (11.1%) 
UT infection 2 2 == 4 (5.6%) 
Rash Sa I = 1 (1.4%) 
Total 10 9 3 22 


GI, gastrointestinal; UT, urinary tract. 
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TABLE 5. Demographics, Diagnosis, and Cause of Death of Eight Patients Who Died After Choledochoduodenostomy 


Age 
Patient (years) ` Sex Death PO Day 
I 64 M 7 
2 39 F 55 
3 61 F 17 
4 29 M 9 
5 65 M 12 
6 57 F 10 
7 86 F 18 
8 66 F 12 


Initial Diagnosis Cause of Death 


Acute cholecystitis and CBD stones Arrhythmia 
Postop stricture Sepsis, MOSF 
Postop stricture ARDS 
Pancreatic carcinoma DIC 

Chronic pancreatitis and pancreatic carcinoma ARDS 
Cholangiocarcinoma Sepsis, MOF 
Pancreatic carcinoma ARDS 
Pancreatic carcinoma Liver failure 





MOSF, multiple-organ systems failure. 
ARDS, adult respiratory distress syndrome. 


Late deaths. Of the remaining 47 patients (35%), the 
initial diagnosis of benign disease was made in 22 and of 
a malignant neoplastic process in 25. All of the 47 patients 
died 3 to 58 months after their CDD (x 16.5 months 
+ 2.3 SEM). In 34 patients the cause of death appeared 
to be directly related to a malignant neoplasm, which in- 
cluded pancreatic carcinoma in 29, ampullary carcinoma 
in 1, colonic carcinoma in 1, Hodgkin’s lymphoma in 1, 
prostate carcinoma in 1, and cholangiocarcinoma in 1. 
The mean survival period in these 34 patients was x 0.9 
years + 3 SEM. It should be noted that nine patients ini- 
tially coded as having benign disease at the time of their 
CDD ‘subsequently died from carcinoma. Therefore we 
could speculate that in some of these patients, particularly 
those who had carcinoma of the pancreas, the tumor was 
present at the time of CDD but was not detected. Further 
details of these nine patients are shown in Table 7. 

The remaining 13 patients in whom CDD was done 
for a benign disease recovered uneventfully and the CDD 
relieved their symptoms; however they died of unrelated 


TABLE 6. Eight Patients Lost to Follow-up 


Age Last Seen After 
Patient (years) Sex - Hospital CDD (days) Condition 
l 60 M V.A. 24 Good 
2 58 M V.A. 30 Good 
3 75 M V.A. 7 Good 
4 74 M V.A. 60 Good 
5 48 M V.A. 12 _ Good 
6 68 M V.A. 30 Good 
1 59 M U.A.B. 150 Good 
8 71 M U.A.B. 8 Good 


All recovered satisfactorily from choledochoduodenostomy and in the 
short follow-up period the goals of the operation appeared to have been 
obtained. 

CDD, choledochoduodenostoniy. 

VA, Veterans Administration hospital in Birmingham. 

UAB, University of Alabama at Birmingham Hospital. 


DIC, disseminated intravascular coagulation. 
PO, postoperative. 


causes before 5 years had elapsed from the time of the 
CDD. Further details of these patients are shown in Ta- 
ble 8. 


Number of Surgeons Performing the Choledochoduode-. 
nostomies 


There were 10 surgeons who performed the 134 cho- 
ledochoduodenostomies reported herein; however 93.25% - 
of these cases were performed by only four surgeons. The 
two senior authors of this study performed 78.25% of these 
134 cases. The same four surgeons performed 94.4% of 
them, and the same two surgeons operated in 86% of the 
71 cases followed for 5 or more years. 


Discussion 


The historical development of CDD.was summarized. 
by Madden and associates”! in 1970. The first published 
experience with CDD by an American surgeon was by 


R. L. Sanders from Memphis, Tennessee, a member of 
the Southern Surgical Association from 1921 to 1964. He 


presented his work in the 57th Annual Meeting of this 
Association in December 1945. His paper was published 
in the Annals of Surgery in 1946.** He described his ex- 
perience with side-to-side CDD in 25 patients. Nineteen 
of them had benign obstructive lesions and six had ma- 
lignant obstructive lesions; only two of his patients died 
(8%). He noted that 15 patients were living and well many 
months after the operation. He commented on the effec- 
tiveness of CDD to relieve distal obstruction of the CBD 
and the importance of having a largely dilated CBD as a 
requirement for good long-term results with CDD. 
Despite these favorable results, there was no great en- 
thusiasm in the United States for CDD; the only two large 
series published in the subsequent 20 years by American 
surgeons were by Schwartz, Benshimol, and Hurwitz in 
195973 and by Madden and associates in' 1965.74 In 1967 
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TABLE 7. Nine Patients with Initial Diagnesis of Benign Disease, but Subsequently at the Time of Death Were Found to Have a Carcinoma 


Age 
Patient (years) Sex Initial Diagnosis 
l 63 M CBD lithiasis 
2 70 M CP 
3 60 M CP 
4 76 M CBD lithiasis 
5 60 M CP 
6 79 M CBD lithiasis 
7 54 F CP 
8 53 M CP 
9 52 F CP 


* Six patients could have had their carcinoma at the time of chole- 
dochoduodenostomy (CDD), but it was not detected. 


Hurwitz and Degenshein published a reappraisal article?” 
in which they explained the technical details that deter- 
mine the success of side-to-side CDD. It should be stated 
that after the pioneering work of Sanders, Madden?!** 
and Hurwitz??*> have been the most avid American ad- 
vocates of CDD and the wider use of this operation in 
the United States is due, to a great extent, to their excellent 
results and persistent enthusiasm for CDD. 

The European literature in the past three decades con- 

tains a number of publications,”°** and a recent report 
from Latin America? carefully evaluates the results, in- 
-dications, advantages, complications, and shortcomings 
of CDD; the general consensus is that choledochoduo- 
denostomy is a very satisfactory surgical procedure to treat 
a variety of obstructing lesions of the distal CBD. Most 
of these authors stipulate that the diameter of the CBD 
used for constructing the CDD should be dilated and 
_measure at least 15 mm. 


Survival Period 


. After CDD 
Cause of Death (months) 
Cholangiocarcinoma* 29 
Lung metast./unknown prim. 12 
Ampullary Ca* 24 
Ca. pancreas and metast.* 36 
Ca. pancreas and metast.* 14 
Prostate carcinoma 14 
Colon carcinoma 48 
Ca. pancreas and metast.* 6 
Ca. pancreas and metast.* 13 


CP, chronic pancreatitis; Ca, carcinoma; Metast, metastases. 


Subsequent to the publications of Madden?! and 


Hurwitz, some American surgeons began to analyze 
and publish their experience with CDD. Thomas and 
associates’ in 1971 and a group from the Cleveland 
Clinic’?! published their experience in the early 1970s; 
they concluded that CDD had a favorable role to play in 
various conditions obstructing the CBD. Degenshein et 
al.,°? who continued the work of Alfred Hurwitz with 
CDD in the Maimonides Medical Center in New York, 
published in 1974 their analysis of their 18-year experience 
with 175 consecutive CDDs and concluded that it was a 
safe and effective operation for varied indications. This 
author was one of the first to show data to prove that the 
major objection held by some surgeons against CDD, 
mainly ascending infection from reflux of duodenal con- 
tents into the biliary tree, causing recurrent cholangitis, 
was not a problem as long as the diameter of the CBD 
used to construct the CDD measured at least 16 mm. 


TABLE 8. Late Deaths After CDD for Nonmalignant Disease 








Age Survival After 

Patient (years) Sex Initial Diagnosis Cause of Death CDD (months) 
I 38 M CP Subdural hematoma 53 
2 81 M CP Stroke 12 
3 48 M CP Unknown 24 
4 53 F CP Unknown 48 
5 87 \ M CBD lithiasis Stroke 24 
6 87 M CBD lithiasis Heart failure 10 
7 46 M CP Myocardial infarct 58 
8 33 F CBD lithiasis Peritonitis and liver abscess 24 
9 58 M CBD lithiasis Myocardial infarct 24 
10 56 F CBD lithiasis and CP Nonrelated abdominal surgery and sepsis 8 
li 84 M CBD lithiasis Heart failure 24 
12 85 M CBD lithiasis Myocardial infarct l 20 
13 65 F CP Upper GI bleeding 20 

X 26 + 1.5 SEM 





CDD, choledochoduodenostomy; CP, chronic pancreatitis; GI, gas- 
trointestinal. 


+SEM, standard error of the mean. 
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Rutledge“ also reported favorable results using CDD to 
treat patients with benign biliary obstruction. Gliedman 
and associates*’ in 1978 published their favorable expe- 
riences with CDD, but more importantly emphasized this 
operation as an adjunct to choledocholithotomy to pre- 
vent recurrent choledocholithiasis. 

From the results obtained in most of the references 
quoted above, it can be stated that in 1990 choledochod- 
uodenostomy is an established operation to treat suc- 
cessfully a variety of obstructive lesions of the distal biliary 
system. Furthermore, under the appropriate circum- 
stances, it is a realistic and perhaps even a better option 
for closing the CBD, either primary or over a T tube, after 
choledocholithotomy. The morbidity and mortality rates 
when CDD is done for the proper indications, when the 
diameter of the CBD used measures 16 mm or more, and 
the technical precautions (mobilization of the duodenum, 
vertical incision in the CBD, and meticulous and precise 
suture techniques) have been followed, have been better 
or comparable to other alternative operative methods. 

Because of concern about long-term results in patients 
with CDD, particularly with reference to the occurrence 
of cholangitis and of the ‘sump syndrome,’ the prevalent 
thinking among most surgeons has been that CDD should 
be performed only in elderly patients and that it should 
be avoided in younger patients who have a life expectancy 
of 10 or more years. . 

The principal aim of this study was to analyze the results 
obtained with CDD in patients followed for 5 or more 
years and to determine the safety of this operation in pa- 
tients who have life expectancies of 15 or more years after 
CDD. Only two previous communications!*”° describe 
the results obtained with CDD on a long-term basis; how- 
ever, when analyzed closely, the details of how long these 
patients were followed are limited. Only 26 patients were 
followed 5 or more years in the series of Cuschieri and 
associates, '? and there is no reference to patients followed 
10 or more years. The other report by Baker, Neoptole- 
mos, and others,” a group with vast experience with CDD, 
presents a detailed and thorough study of 190 patients 
who underwent CDD. In this series there were 10 post- 
operative deaths (5.3%) and 35 late deaths (18%) (9 to 48 
months). Of the remaining 145 patients, 114 could be 
closely followed; the subjective evaluation was that 88% 
of the 125 patients followed for an unspecified ‘long-term 
period’ obtained significant benefits from their CDDs. Five 
of these patients required a second operation to correct a 
sump syndrome.” Recurrent CBD stones were found in 
three of these nine patients. 

The present investigation followed 71 patients for at 
least 5 years; 38 of them (53.5%) were followed from 5 to 
9 years; 25 (35.3%) from 10 to 14 years, and 8 (11.2%) 
for 15 or more years, with a total average follow-up of 
12.1 + 1.2 years SEM. This experience suggests that when 
performed electively in the absence of infection in the 


ESCUDERO-FABRE AND OTHERS 


Ann. Surg. « June 199] 


sub-hepatic space or unresectable malignant neoplasms, 
CDD can be performed successfully with a minimal mor- 
tality rate (less than 1%). 

The analysis of the short-term survivors of this study 
also suggests that choledochoduodenostomy was remark- 
ably free of complications. A distressing finding, however, 
was that nine patients thought to have benign non-neo- 
plastic disease at the time of CDD eventually died from 
malignant disease, clearly pointing out the difficulty in 
excluding the possibility of the presence of a carcinoma 
in patients with biliary obstruction due to chronic fibrous 
pancreatitis. The fact that in some of these patients the 
carcinoma was not obvious until many months after CDD 
suggests that carcinoma coexists in patients with chronic 
pancreatitis, particularly those who develop biliary ob- 
struction. 

It is worth noting that of the 40 patients in whom cho- 
lecystectomy was performed at the same time as CDD, 
only 23 (58%) had choledocholithiasis; but in all 40 pa- 
tients, stenosis of the ampulla was recorded, suggesting 
that ampullary stenosis may play an important role in 
symptomatic biliary tract disease with or without choled- 
ocholithiasis, particularly after the gallbladder has been 
removed. 

The morbidity of CDD observed in this study (28%) as 
well as the type of observed complications parallels those 
previously reported in the literature. Perhaps the most 
important aspect of this study is the low incidence of 
cholangitis observed in the 71 patients followed for 5 or 
more vears (x 12.1 + 1.3 years, SEM). The fact that the 
majority of the cases reported in this study were operated 
on by two surgeons suggests that experience with CDD 
improves the results. There were no cases of recurrent 
choledocholithiasis in this series and none of the patients 
had symptoms suggesting the presence of the so called 
‘sump syndrome.’ 

The review of the pertinent literature and the obser- 
vations of the present study suggest that the indications 
for CDD remain very much the same as those detailed 
by Degenshein?’ in 1974. These indications are detailed 
below. 


Multiple Stones: Multiple stones removed from the CBD 
with the concomitant uncertainty if all the calculi have 
been removed, even with the assistance of a postex- 
ploratory cholangiogram, usually through a T tube is 
one indication. 

Ampullary Stenosis: Ampullary stenosis, as defined by 
the inability to pass a calibrated dilator of 3 mm or 
more in diameter, probably sets up the circumstances 
for the subsequent development of recurrent choled- 
ocholithiasis or a variety of symptoms related to this 
partial obstruction to the flow of bile into the duo- 
denum. Choledochoduodenostomy appears to offer a 
definitive solution to these problems, as well as the 
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elimination of recurrent choledocholithiasis, as was the 
case in this series. When the surgeon is unable to pass 
the dilator into the duodenum and the intraoperative 
cholangiogram shows little or no flow of the dye into 
the duodenum, the possibility of an impacted stone at 
or near the ampulla, or in a duodenal diverticulum in 
the same area is real. Despite a number of maneuvers, 
it is difficult to determine with certainty if this is truly 
an impacted stone or just ampullary stenosis. Persis- 
tence in removing the impacted stone or passing a di- 
lator into the duodenum are blind maneuvers that have 
a high risk of producing a ‘false passage’ perforation of 
the wall of the intrapancreatic portion of the CBD or 
of traumatizing the pancreas, which can lead to severe 
acute pancreatitis. Under such circumstances, partic- 
ularly in the presence of a dilated CBD, a CDD is a 
definitive, safe, and completely satisfactory solution to 
these problems. 

Pancreatocholangiopathy: Obstruction of the distal CBD 
by chronic fibrous pancreatitis is a difficult problem 
that can be resolved by CDD. It must be noted that the 
elimination of the possibility of carcinoma being a co- 
existing cause of the obstruction is not possible, and in 
this study nine patients who at the time of CDD were 
thought to have nonmalignant obstruction subse- 
quently died of carcinoma. 

Malignant Neoplasms: Obstruction of the intrapancreatic 
CBD by malignant neoplasms that can originate in the 
ductal epithelium of the pancreas, the mucosa of the 
CBD, the ampulla, or the duodenum near the ampulla, 
and that are not resectable, can be palliated effectively 
with a CDD. However, in many instances, the rapid 
growth of these tumors results in subsequent obstruc- 
tion of the CDD or even the displaced duodenum; thus 
CDD in these circumstances should be performed only 
when other types of palliative decompression, which 
would use a segment of the biliary tree further away 
from the tumor and that do not require mobilization 
of the duodenum, cannot be done. 

Postoperative Biliary Stricture: Unfortunately we still see 
these types of problems, although it appears to be much 
less frequent. In most of the cases, when the injury is 
not discovered at the time it occurs, the distal CBD 
becomes unsuitable for use in the reconstruction.” The 
alternatives, depending on the anatomic determinants, 
are reconstruction by anastomosis of the CHBD or the 
CBD to the duodenum, or to a defunctionalized loop 
(Roux-Y) of jejunum. When a CDD is constructed, 
good long-term results can be achieved, as was the case 
in eight patients in this series. 

Avoiding Use of T Tubes: Finally another indication not 
widely accepted as yet is to construct a CDD when a 
CBD that measures more than 16 mm in diameter has 
been explored and one or more of the previously noted 
indications are not always present, but the conventional 
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methods of closing the choledochotomy over a T tube 
or primarily are not desirable. Some theoretical dis- 
advantages to using T tubes** and even less satisfactory 
results** have been reported. It is somewhat of a ‘surgical 
paradox’ to close a choledochotomy with great precision 
and then 6 to 10 days later blindly pull out the T tube, 
which probably disrupts the closure, although it is un- 
deniable that thousands of cases treated this way have 
had a very low incidence of complications. To many 
surgeons, including ourselves, the construction of a 
CDD avoids this ‘surgical paradox,’ obviates the need 
for the use of a T tube, and nearly eliminates the risk 
of recurrent or residual choledocholithiasis. Therefore 
it appears to be logical to offer CDD as a very good 
alternative to the use of T tubes in patients with dilated 
CBDs. 


The two most notable objections to CDD, the possibility 
of cholangitis? and the presence of the symptoms pro- 
duced by the so called ‘sump syndrome,™**”** occur almost 
always in instances in which the CDD was constructed 
for the wrong indications, or when the CBD of these pa- 
tients measured less than 16 mm in diameter, resulting 
in a CDD that measures less than 14 mm in length. The 
long-term observations of this study objectively disprove 
these objections to CDD as long as the proper precautions 
are observed. Analysis similar to this study of an adequate 
number of patients followed from 5 to 15 years after 
transduodenal sphincteroplasty or transendosopic papil- 
lotomy will be required to determine whether those pro- 
cedures offer similar or better results than those obtained 
with CDD. Such studies are notably absent from the cur- 
rent literature. 

From the observations made in this study, the following 
inferences can be made: CDD produces good long-term 
results in the treatment of non-neoplastic obstructing le- 
sions of the distal common bile duct. The size of the CBD 
is of critical importance in obtaining good long-term re- 
sults. The diameter of the CBD should be at least 16 mm 
to allow the construction of a CDD that measures at least 
14 mm in length. Meticulous and precise suturing tech- 
niques are essential. Intrabiliary stents are not necessary 
under these circumstances. Extensive technical experience 
in performing CDD is also an important consideration 
in assuring good results. If these precautions are observed, 
cholangitis and symptoms related to the ‘sump syndrome’ 
do not occur, or occur very infrequently. In the absence 
of local sepsis and under elective circumstances, CDD 
can be performed with very low rates of morbidity and 
mortality. 

Because of the documented good results we have ob- 
tained in the patients reported herein followed for 5 to 
15 or more years (x 12.1 + 1.3 years, SEM), the notion 
that CDD should be reserved only for elderly patients 
with limited (less than 10 years) life expectancy should 
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be revised, and much younger patients who have a longer 
life expectancy should be considered as viable candidates 
for CDD under appropriate circumstances. 
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DISCUSSIONS 


Dr. COLIN G. THOMAS, JR., (Chapel Hill, North Carolina): First, with 
the appropriate indications and technical proficiency, the long-term results 
of this operation are very good with a negligible incidence of cholangitis 
or sump syndrome. 

Because cholangitis is usually an expression of stasis and bacterial 
colonization of the biliary tree, we must conclude that this operation 
effectively drains the biliary tree. The absence of recurrent choledocho- 
lithiasis in this series also attests to the absence of bile stasis, which in 
the presence of Escherichia coli and the production of beta glucuronidase 
converts soluble bilirubin diglucuronide to glucoronic acid and insoluble 
bilirubin, promoting the formation of sodium bilirubinate calculi. 

Second, in some patients on whom the procedure was performed for 
duct obstruction with a diagnosis of chronic pancreatitis, there was an 
11% incidence of pancreatic carcinoma. 

We encountered a similar problem when we reported in 1971 our 
experience with 110 patients undergoing either choledochoduodenostomy 
or transduodenal sphincteroplasty for presumed benign obstruction of 
the common duct. Our overall incidence was 5%. This remains a serious 
challenge and deserves further study. 

Third, in their hands under elective circumstances and with the absence 
of infection in the subhepatic area or an incurable malignant neoplasm, 
the operation can be done with a mortality rate of less than 1%. This is 
comparable to the reported mortality rate following endoscopic sphinc- 
terotomy and removal of common duct calculi. 

There are also some points that should be considered contentious and 
raise some questions. 

What is the evidence that a side-to-side anastomosis is superior to an 
end-to-side anastomosis? We preferred the latter in our previous report 
with a transverse division of two thirds of the circumference of the com- 
mon duct immediately above the duodenum. 

Of 52 patients followed for a mean of 3 years, no patient required 
reoperation because of stones, pancreatitis, or jaundice. One patient with 
a stone impacted in the ampulla had one attack of discomfort and mild 
cholangitis at 3 years. 

What is the evidence that a duct must be larger than 16 mm in diameter 
and the constructed choledochoduodenostomy 14 mm or more? This is 
approximately three times the diameter ofa norma! common duct, which, 
according to the 1930 edition of Gray’s Anatomy, is the size of a goose 
quill. For those of you who have not seen a goose quill recently, I have 
one for an example. l 

In the event that Dr. Aldrete has had no personal experience with a 
goose quill, he should be delighted to know that the most recent edition 
of Gray’s Anatomy states the diameter of the common duct is that of a 
soda straw, with which he has great familiarity. 

Probably the most critical point is that the length of anastomosis is 
at least equivalent to the diameter of the dilated duct. This could be 
nicely accomplished by a two-thirds transverse section of the common 
duct in an end-side anastomosis. 

Is there an indication for complete transection of the common duct, 
oversewing the distal end and an end-to-side choledochoduodenostomy? 
We have had two patients with a normal-sized common duct in whom 
this procedure was carried out: a patient with an intrapancreatic chole- 
dochal cyst and associated pain and a 14-year-old boy with calcification 
in the head of the pancreas and pain. Both patients have remained free 
of discomfort with no evidence of common bile duct obstruction. 

This slide illustrates another technique of an end-to-side choledo- 
choduodenostomy, which we carried out in a 1971 study, and it required 
minimal mobilization of the duodenum. And, of course, the wider the 
duct, the easier it is to perform. 

How has the availability of endoscopic sphincterotomy with or without 
extraction of biliary calculi influence the indications for choledochodu- 
odenostomy? 


Dr. JOHN L. SAWYERS (Nashville, Tennessee): This is an important 
paper because of the length of follow-up in a large series of patients who 
have undergone choledochoduodenostomy,. There are very few reports 
in which the follow-up is a minimum of 5 years for all patients and 
extends to more than 15 years for several patients. 

It has generally been my preference to use a Roux-en-Y choledocho- 
jejunostomy in preference to a choledachoduodenostomy because of a 
few patients who developed cholangitis after choledochoduodenostomy 
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and two patients who required operation for the sump syndrome. 

I was surprised that Dr. Aldrete has had no patients who have had the 
sump syndrome and that only 4.2% percent of his patients developed 
cholangitis in the postoperative period. We would concur with him that 
these good results are probably related to careful construction of the 
anastomosis. The authors emphasize the importance of anastomosis of 
at least 16 mm in diameter. 

I remember being on a panel with Dr. Gliedman, who forcefully and 
repeatedly emphasized that choledochoduodenostomy should be at least 
2.5 cm in diameter, and he held up his thumb, which he alleged to 
measure exactly one inch to illustrate that point. 

Now we believe that choledochoducdenostomy should not be used 
for patients who have malignant disease. Would Dr. Andrete agree that 
Roux-en-Y choledochojejunostomy is preferable to bypass distant ma- 
lignant obstruction? 

We have encountered patients with chronic pancreatitis severe enough 
to make mobilization or kocherization of the duodenum difficult. Cer- 
tainly in these cases Roux-en-Y choledochojejunostomy is technically 
easier than choledochoduodenostomy. 

How do you perform biliary enteric anastomosis? Do you use a one- 
layer monofilament material or a two-layer suture anastomosis? Are the 
sutures interrupted or continuous? Is 16 mm the minimum diameter or 
should the anastomosis be larger, if possible? 

Dr. Aldrete indicates that choledochoduodenostomy offers a definitive 
solution to the problem of ampullary stenosis. We have usually preferred 
transduodenal sphincteroplasty for these patients because this gives us 
an opportunity to observe and biopsy the sphincter. When does Dr. 
Aldrete use sphincteroplasty? 

Dr. M. J. Fischer recently described two patients with hepatic abscess 
due to Æ. coli after a choledochoduodenostomy. The author, Dr. Fischer, 
thought this may have occurred because the anastomosis was too small. 
Have you, Dr. Aldrete, encountered this complication? 


Dr. ROBERT HERMANN (Cleveland, Ohio): We have used choledo- 
choduodenostomy frequently at the Cleveland Clinic for the past 25 to 
30 years, for the same indications as outlined by Dr. Aldrete, because it 
is a safe and effective procedure if the bile duct ts dilated. 

Choledochoduodenostomy provides a direct anastomosis between bile 
duct and duodenum, which I believe is physiologically superior to a 
choledochojejunostomy. 

If the anastomosis is made low in the bile duct so a long sump segment 
cannot occur below the anastomosis and is made generously large, as 
other authors have emphasized—and we make ours about 2 cm long— 
then stenosis of the anastomosis with recurrent cholangitis will not occur. 

Another advantage of choledochoduodenostomy not mentioned by 
the authors is that endoscopists can easily cannulate or endoscope and 
follow this anastomosis by gastroduodenoscopy. 

Here you see the view through an endoscope at the time of a duo- 
denoscopy. You can easily diagnose and treat recurrent problems with 
this method. 

In 1981 Dr. David Vogt and I reviewed a comparative series of patients 
who had had either choledochoduodenostomy, choledochojejunostomy 
using a Roux-en-Y technique, or transduodenal sphincteroplasty to treat 
a variety of benign and malignant biliary and pancreatic problems. We 
found that all three operations were effective and gave equivalent results. 
The long-term results related more to the disease being treated than to 
the operative procedure chosen. 

Choledochoduodenostomy stood the test of time in our study as well, 
with 86% excellent or good results and 7% fair results. Two per cent of 
our patients had recurrent cholangitis, and in each case it was due to a 
poorly constructed anastomosis. 

Choledochoduodenostomy is a good operative procedure for young 
patients as well as older ones and is equal to all the other methods of 
biliary reconstruction. 


Dr. PHILIP SANDBLOM (Lausanne, Switzerland): The reason | rise is, 
first, to express my gratitude to the Southern Surgical Association for 
many years of membership and many, wonderful congresses. This is one 
of the nicest that I attend. 

The second is because I think I owe it to Dr. Aldrete as I have always 
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campaigned against choledochoduodenostomy mostly because of the 
risk for ascending cholangitis. 

When | presented a paper on this about 30 years ago, the risk for 
cholangitis was much higher than was presented today -— between 20% 
and 30%. The risk for stenosis of the anastomosis also was larger. There 
is a great tendency for those anastomoses to constrict. The modern tech- 
nique evidently reduces this risk of stenosis very much. 

The only way of really knowing the exact number is to identify the 
cases in which there were autopsies, and it is hard to collect that kind of 
information. 

We found about 20 patients who had died and been autopsied more 
than 5 years after the operation. To our surprise nearly all of them had 
pathologic signs of cholangitis, in some cases even multiple liver abscesses 
in which the historv had not given any sign of cholangitis. We must thus 
expect that many of those cases of choledochoduodenostomy have chol- 
angitis without frank symptoms. 

It is not very healthy to go around with multiple liver abscesses despite 
absence of symptoms, so I still would advocate the choledochojejunos- 
tomy to al Roux-en-Y loop. 


DR. JOAQUIN S. ALDRETE (Closing discussion); To address the question 
posed by Dr. Thomas, whether the anastomoses should be side-to-side 
or end-to-side, most of our cases had a side-to-side choledochoduoden- 
ostomy placed, as described by Dr. Herman, as low as possible in the 
common bile duct. When doing the choledochotomy, one must anticipate 
the possible need for doing a choledochoduodenostomy; therefore placing 
the choledochotomvy is very important. 

I think the two techniques are good. There may be slight differences. 
Perhaps it is somewhat faster to do the side-to-side procedure. In doing 
the end-to-side, one must transect the bile duct, and nowadays, because. 
of the experience with liver transplantation, a not uncommon anatomic 
variation of a right hepatic artery that originates from the superior mes- 
enteric artery and runs on the right side of the common bile duct has 
been recognized. Sometimes this artery is small and if one is not aware 
of this variation, this artery can be easily included in the ligature that 
occludes the distal end of the transected bile duct. Ligating this hepatic 
artery is innocuous. It can result in an hepatic abscess. . 

Why the size? Well I’m trying to play it safe, Tim. I said 16 mm. As 
time went on, we have gotten better and now we can construct a [2- 
mm or 13-mm anastomosis by using very precise suturing techniques, 
but it is safer to do it with a common bile duct that measures 16 mm 
or more. 
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Regarding the length of the choledochodenostomy, you lose about 2 
mm if you do an end-to-side or a side-to-side procedure from the diamater 
of the common bile duct. It does not matter if you make it very long. 
Still the bile wili run only through the diameter of the common bile 
duct. 

How endoscopic sphincterotomy or sphincteroplasty will change the 
indications, only time will tell. I hope that the results presented today 
will be used as the parameter to measure the results with those newer 
operations, 

My fnend Dr. Sawyers always has the appropriate comments and is 
always very kind to us. I completely agree that in the presence of a 
malignant tumor, it is probably better to use a Roux-en-Y using the 
jejunum because the choledochoduodenostomy usually ends up right 
next to the tumor. And by doing a choledochojejunostomy, one can be 
further away from the tumor. I also agree that in any situation in which 
it is difficult to mobilize the duodenum, choledochojejunostomy should 
be performed. 

As for the details of the technique, we mobilize the duodenum exten- 
sively. We make a vertical or slightly slanted incision in the lowest portion 
of the common bile duct that measures a few more millimeters of the 
diameter or the bile duct. And then we very precisely construct an anas- 
tomosis with 5.0 Prolene, sometimes in one layer, but if at all possitde, 
we place an outer layer of interrupted silk sutures that do not penetrate 
the mucosa, I like to use 4.0 or 5.0 silks that come with a very small 
needle, usually used in neurosurgery. In addition the exposure should 
be very good and the extensive mobilization of the duodenum allows an 
anastomosis without any tension. Under these circumstances, this op- 
eration is fun to do and the expected results are quite good. 

I think Dr. Hermann has been a pioneer, as has been Dr. Thomas, 
with this operation. His comments are those of an authority in the field, 
and I am delighted that he agrees with our findings, that his experience 
parallels ours. 

Dr. Sandblom, I appreciate very much your comments. I believe that 
the recognition and preservation of this anomalous right hepatic artery, 
eliminates the risk of the hepatic abscesses. 

We saw a few patients who had a choledochoducdenostomy for many 
years and had an autopsy. You always can see a change in the epithelium 
of the bile duct, but I do not think you can call that cholangitis. The 
diagnosis of cholangitis is when the patient has fever, chills, and must 
receive antibiotics. 

But, indeed, when you look at the biliary side of a choledochoduo- 
denostomy there are some changes from the normal epithelium. It is 
not a normal connection, but it is better than an obstructed commen 
bile duct. 
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Gallstone lithotripsy (LITHO) was performed on 52 patients 
who underwent 107 procedures. Two hundred sixty-seven gall- 
stone patients were screened and 215 (81%) were excluded. Ex- 
cessive stone burden and nonvisualization by oral cholecystogram 
(OCG) were the most common reasons for exclusion. The hos- 
pital course of 100 excluded patients who later underwent elective 


cholecystectomy was evaluated for length of hospital stay (2.3. 


days) and total cost of treatment ($3685.00). Successful frag- 
mentation to less than 5 mm was achieved in 43 LITHO patients 
(83%). Five LITHO patients (10%) required conversion to op- 
erative management. Complications of LITHO included acute 
cholecystitis (1 of 52 patients) and biliary colic (17 of 52 patients, 
or 33%). Multiple procedures in one patient were common. Costs 
for LITHO were calculated in two ways: first the individual cost 
for each of the 52 candidates; second the cost for successful 
LITHO was calculated by excluding five patients who required 
operation as well as five patients (10%) who are predicted failures 
of LITHO. Including the preoperative evaluation, treatment, re- 
covery room, and follow-up, the individual LITHO cost for 52 
patients was $8275.00. If the same total expenditure is calculated 
after excluding patients who required operation and those pre- 
dicted to fail, the cost per ‘successful’ LITHO procedure was 
$10,245. The cost of 1 year of bile acid therapy is $1949.00 or 
$2413.00 per ‘successful’ procedure. Follow-up costs were 
$1232.00 per patient or $1525.00 per ‘successful’ procedure. 
The added LITHO cost incurred by screening eventual noncan- 
didates was $904.00 per successful procedure. The sum of these 
individual costs was $15,087.00 per success, as compared to 
$3685.00 for cholecystectomy. No allowance was made for cost 
of stone recurrence. Lithotripsy costs appear to be sufficiently 
high to render the procedure unlikely to emerge as the treatment 
of choice. 


ALLSTONES HAVE BEEN managed successfully 
by means of an operative cholecystectomy 
throughout most of this century. Although the 
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operation is now remarkably safe (0.2% to 0.4% mortality 
rate)' and the procedure is permanently curative, several 
recent technologic advances have been applied to the 
treatment of gallstones in attempts to avert the morbidity 
of operation and to diminish the great cost of an estimated 
500,000 cholecystectomies per year in the United States. 
Extracorporeal shock wave lithotripsy (LITHO) was first 
applied to kidney stones and later evaluated for the treat- 
ment of gallstones.” An early communication from Mu- 
nich reported that 80% of patients were stone free after 1 
year. The process of selection excluded 75% of gallstone 
patients from the study,’ and this limitation of the appli- 
cation of LITHO has been consistent in subsequent re- 
ports.*° Unfortunately early high rates of success have 
not been reproduced.*’ Even in patients with stones that 
represent the most favorable situation for LITHO (a sol- 
itary stone measuring less than 20 mm in diameter), later 
reports** have had rates of stone eradication that compare 
poorly with the early Munich experience.” Multiple pro- 
cedures are required routinely.*® 

The concept that the effectiveness of gallstone litho- 
tripsy might be enhanced by dissolution of remaining 
stone fragments arose from the experience of the National 
Cooperative Gallstone Study, in which bile acid therapy 
was most effective in stones measuring less than 5 mm in 
diameter.”'° All lithotripsy programs have combined 
LITHO fragmentation (to less than 5 mm) with later bile- 
acid therapy.'~8 

Lithotripsy devices generally cost almost $1,000,000. 
This cost and the need for multiple lithotripsy procedures 
has raised the need for cost-benefit analysis. One study 
compared a single LITHO procedure to elective chole- 
cystectomy (EC) and found the costs to be comparable, 
although LITHO costs were higher.'! The costs of bile 
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acid treatment and follow-up were not considered in this 
study. We evaluated the total cost of successful LITHO 
therapy and compared it to costs of EC. 


Material and Methods 


Each LITHO patient was a participant in a trial ap- 
proved by the Institutional Review Board (IRB) of the 
University of Texas Medical Branch at.Galveston (IRB 
89-124). The trial was a part of a multicenter, Federal 
Drug Administration-approved Investigational Device 
Exemption investigation and informed consent was ob- 
tained in all cases. All studies were performed using the 
Lithostar,(R) plus Biliary Lithotriptor (Siemens, Islip, 
NY); this unit uses an electromagnetic shock source. The 
original design of the Lithostar(R) trial consisted of two 
randomized groups. One group received a 14-day course 
of bile acid therapy (ursodeoxycholic acid [Actigall; Ciba- 
Geigy Corp., Summitt, NJ] 10 mg/kg/day) before LITHO 
treatment. In the second group, bile acid therapy com- 
menced on the day of LITHO treatment. All participants 
remained on bile acids until 3 months after being found 
to be stone free or until 18 months. after LITHO if dis- 
solution therapy was deemed a failure. Each procedure 
was performed in an outpatient setting after an overnight 
fast. The patients received light intravencus sedation (di- 
azepam and meperidine). Each procedure was limited to 
4000 shocks over a range of energy settings. 

The two most common reasons for exclusion from the 
study were nonvisualization of the gallbladder after oral 
cholecystogram (OCG), and excessive stone burden (that 
is, cumulative stone diameters greater than 3 cm X 3 cm 
[9 cm?] in two dimensions as measured by ultrasonogram). 
Other less common exclusion criteria are listed in Table 
1. A LITHO procedure was considered successful when 
all stones were fragmented to a diameter of less than 5 
mm. Repeat LITHO procedures were scheduled when 
fragmentation was not successful. 

After initiation of our study, all patients with gallstones 
who were referred to our surgery clinic were screened as 
potential candidates for LITHO. Excessive stone burden 
was sufficient to exclude candidates. All patients with a 
stone burden of less than 9 cm? had OCG. Nonvisualiza- 
tion was followed by HIDA scan. All candidates’ for 
LITHO then required preprocedure laboratory studies. 
Individual LITHO costs included the following: diagnostic 


TABLE 1. Exclusion Criteria for Gallstone Lithotripsy Program 


Excessive stone burden (>9 cm?) 
Nonvisualization by oral cholecystogram 
Lung tissue in shock path 

Calcified blood vessels in shock path 
Pregnancy 

Bleeding diathesis 

Acute cholecystitis 
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ultrasonogram (USG, $145.00}, OCG ($186.00), HIDA 
scan ($373.00) when necessary, lab studies ($127.00), 
outpatient operating room charge, professional fee, re- 
covery room ($201.00), and bile acid therapy. | 

Although some patients were free of stones in less than 
| year after LITHO and some patients crossed over to 
operative management in less than | year, it is clear from 
our experience and that of others*® that most LITHO 
patients require more than | year of bile acid therapy to 
achieve storie dissolution. For that reason, in calculating 
costs, we estimated 1 year of bile acid therapy for each 
LITHO patient. Individual LITHO costs were first cal- 
culated for each of the 52 LITHO candidates. To deter- 
mine the cost of a successful LITHO patient, we removed 
the five patients who required operation (n = 47) and we 
made the modest estimate of a 10% failure rate (5 of 52 
patients) and excluded them. This resulted in an estimated 
42 successful LITHO patients. 

Because a large number of eventual operative candi- 
dates underwent what proved to be unnecessary OCG or 
HIDA exams, the cost of these tests were applied to the 
cost of a ‘successful’ LITHO patient. Thus the sum of all 
LITHO costs plus the cost of 1 year of bile acid therapy 
plus the cost of screening tests for noncandidates were 
divided by the total number of LITHO candidates (n 
= 52), and also by the estimated number of ‘successful’ 
LITHO patients (n = 42). No attempt was made to assign 
costs for the likely event of stone recurrence. 

We assessed no professional fees for this study by pre- 
vious arrangement. We estimated a fee of $1250.00 per 
procedure. Operating room costs for LITHO were estab- 
lished as $2860.00 for a first procedure, $1430.00 for a 
second, $2860.00 for a third, $1430.00 for a fourth, and 
so on. . 

We evaluated 100 patients with gallstones who were 
screened and excluded as candidates. for LITHO and who 
later underwent EC. Their length of hospitalization and 
their total cost of treatment were analyzed. Total EC costs 
included diagnostic USG, clinic visit, operating room, 
professional fee, anesthesia, recovery room, hospital room, 
and laboratory tests. 

Actual costs are listed in Table 2. The actual hospital 
bill for each patient was added to pre- and postoperative 
costs for all 100 patients and this sum was divided by 100 
to arrive at cost per patient. This cost was compared to 
the cost per LITHO patient and to the cost per ‘successful’ 
LITHO patient. 


Results 


We screened 267 gallstone patients and performed 
lithotripsy on 52 patients (19% yield). We should note 
that we were intent on entering patients into the study; 
no one who qualified was excluded. Among the remaining 


Vol. 213 + No. 6 


TABLE 2. Itemized Cost of Services and Procedures for Elective 
Cholecystectomy (EC) and for Gallstone Lithotripsy (LITHO) 


Lab tests $59 $127 
Central supply $161 — 
Pharmacy $77 — 
X-ray $112 — 
Operating room $714 $2860/$1430 
Recovery room $201 — 

OR anesthesia supplies $99 — 
Hospital room @ $260.00/day $520 = 
Professional fee $1591 $1250 
Total/procedure $3634 $4438 


215 patients, 201 underwent EC (14 patients chose to 
delay treatment). We randomly selected 100 of these 201 
patients and compared them to the 52 LITHO patients. 
The EC group had 72 women and 28 men with a mean 
age of 41 years (range, 19 to 69 years). Lithotripsy was 
composed of 42 women and 10 men with a mean age of 
37 years (range, 21 to 66 years). Sixty-two EC patients 
were Mexican-American as were 29 LITHO patients. The 
groups are starting at LITHO. 


Elective Cholecystectomy 


The mean length of hospitalization for patients who 
underwent EC was 2.3 days. Twenty-seven patients were 
discharged on the first day after operation. There were no 
deaths. The sum of all charges incurred by EC patients 
was $368,500. Individual cost per patient were assessed 
as $3685.00. This charge encompassed all pre-, intra-, and 
postoperative care and professional] fees. 


Gallstone Lithotripsy 


Fifty-two patients underwent 107 LITHO procedures. 
Successful fragmentation of stones (measuring less than 
5 mm) was achieved in 43 patients (83%). Five patients 
dropped out of the LITHO program and had an operation, 
one for acute cholecystitis, and four for intractable symp- 
toms of biliary colic. Four patients had fragments larger 
than 5 mm after four LITHO procedures and no subse- 
quent attempts were made to fragment stones. In all pa- 
tients the mean stone burden was 5.5 + 0.7 cm’ and mean 
stone number was 4.1 + 0.8. Only seven patients had 
single stones measuring less than 20 mm. Four of those 
seven patients are stone free. Twelve patients are stone 
free after a mean follow-up of 11.4 months (23% stone 
free). The mean stone burden in the stone-free patients 
was 1.7 + 0.5 cm?, and the mean stone number was 1.6 
+ 0.4. | 

Complications of lithotripsy included skin erythema in 
43 patients, reversible benign ventricular ectopy in 8 pa- 
tients (15%), microscopic hematuria in 2 patients (4%), 
biliary colic in 17 (33%), acute cholecystitis in 1 (2%). No 
patients developed pancreatitis. One patient had 5 LITHO 
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procedures, 4 patients had 4, 14 had 3, 13 had 2, and 18 
had 1 procedure. No complications of Actigall therapy 
were noted. Thirty-one patients have had more than ! 
year follow-up. 


Lithotripsy Costs 


Professional fees for LITHO were not charged to these 
patients because of study arrangements, but we estimated 
them to be $1250.00. The total cost of all LITHO pro- 
cedures, work-up, and recovery room was $430,291.00. 
This represents an average individual cost of $8275.00 
for 52 patients. By excluding the estimated 10% failure 
rate (5 patients) and the 5 patients who required operation, 
the mean cost of ‘successful’ lithotripsy in 42 patients was 
$10,245.00 per patient. 


Actigall Costs 


Actigall (10 mg/kg/day) costs $5.34 per day ($1949.00 
per year). This cost in 52 patients represented $101,348.00. 
As a cost per 42 ‘successful’ LITHO patients, bile acid 
therapy was calculated as $2413.00 per patient. 


Additional Costs 


One year of follow-up for LITHO included a clinic visit 
($36.00) every 3 months in which lab tests ($127.00) and 
USG ($145.00) were performed at each. This represented 
a yearly cost of $1232.00 or $64,064.00 for 52 patients. 
The cost for 42 ‘successful’ LITHO patients was $1525.00 
per patient. . 

To recruit 52 LITHO patients it was necessary to screen 
267 gallstone patients. Among the 215 excluded patients, 
otherwise unnecessary OCGs ($186.00) were obtained in 
146 patients and otherwise unnecessary HIDA scans 
($373.00) were performed on 29 patients. This was cal- 
culated as a total cost of $37,973.00 and as a cost of 
$904.00 per ‘successful’ LITHO patient. 

The cost of lithotripsy treatment for gallstones, ex- 
pressed as cost per successful LITHO patient, is shown 
in Table 3. Combined individual costs of the LITHO pro- 
cedure ($10,245.00), bile acid therapy ($2413.00), follow- 
up ($1525.00), and screen ($904.00) was $15,087.00, as 
compared to EC costs of $3685.00. 


Discussion 


Even though operative cholecystectomy in the treat- 
ment of gallstones has the dual advantage of being curative 
and safe,’ much recent attention has been focused on 
nonoperative measures to treat gallstones. The main stated 
goals of this attention are to avoid the morbidity of op- 
eration and to diminish costs (which have been estimated 
to be as high as $2 billion per year in the United States). 
In early reports from Munich,’*? extracorporeal shock 
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TABLE 3. Calculated Cost for Elective Cholecystectomy (EC), for 52 Gallstone Lithotripsy Patients (LITHO) 
and for 42 Successful Lithotripsy Patients (‘Successful Litho’) 
Procedure Procedure Bile Acid | Follow-up Screen Total 
EC $3549 — $136 _ $3685 
LITHO (n:52) $8275 $1949 $1232 $730 $12,186 
‘Successful LITHO’ (n:42) $10,245 $2413 $1525 $904 $15,087 





Bile acid therapy is cost for 1 year, follow-up cost for LITHO is at 3- 


wave lithotripsy of gallstones appeared to be highly effec- 
tive in a subset of gallstone patients who had functioning 
gallbladders and small stone burdens, especially when 
‘combined with bile acid therapy. The high success rates 
reported in the initial trials have not been reproduced in 
later reports,*~’ but criteria for entrance into trials have 
been liberalized. Our current study, for example, did not 
limit the number of stones and permitted treatment when 
a rim of calcium was seen by radiograph, a feature that 
served to exclude patients in previous studies. 178 
Although a variety of shock sources have been devel- 
oped,”** one unifying characteristic of each of these ma- 
chines has been their very high cost, often $1 million. 
Perhaps for this reason, most estimates of the hospital 
charges for these procedures have been in the range of 
$3000.00 to $4000.00 per procedure (similar charges are 
now accepted for renal lithotripsy). The question of the 
potential economic burden of gallstone lithotripsy, if it 
were applied to even a fraction of the 500,000 patients 
yearly who undergo operative cholecystectomy in the 
United States, has not yet been addressed fully. Our cal- 
culated cost of $3685.00 per patient for cholecystectomy 
is comparable to previous reports but also reflects the re- 
duction in hospital costs resulting from shortened hospital 
stays. In one recent study,'! the total cost for EC was 
$6240.00, compared to $8100.00 for LITHO. Patients in 
that study remained hospitalized for more than 4 days 
after operation and their LITHO charges represented a 
single treatment and failed to include costs of bile acid 
therapy. 
We included a number of costs to a LITHO patient 
that have not been included conventionally. Even without 
these additions, the comparative costs of the two proce- 
dure are $3685.00 for EC and $8275.00 for LITHO. We 
think it is reasonable to add the cost of bile acid therapy. 
This agent is costly ($1949.00 per year for an unknown 
numbers of years; we have added the cost for only | 
year). Cross-over to operation has been observed in all 
trials.” Similarly treatment failure has been a feature of 
all reports with incidences as high as 67%‘ in certain sub- 
sets of gallstone patients. Our estimated rate of treatment 
failure (10%) is modest because the most favorable results 
yet reported have achieved stone-free rates of 90% at 1 
year.’ Thus we have defined ‘successful’ LITHO patients 


month intervals for | year and screen costs reflect the cost of screening 
gallstone patients who were eventually excluded. 


by excluding five patients who underwent operation and 
five who failed treatment. Finally the costs of evaluating 
80% of all gallstone patients who are screened for LITHO 
and excluded must be considered. Our 19% yield of 
LITHO candidates is consistent with all previous re- 
ports.2~’ Although the cost of an OCG is not high, the 
number of OCG exams could become very large if litho- 
tripsy programs were widely instituted. On consideration 
we think these additions to cost estimates for LITHO are 
valid. Using these calculations, the cost of EC ($3685.00) 
is certainly much lower than that of LITHO ($15,087.00). 
Only if cut to one quarter of their current rate would 
LITHO charges approximate those of EC. 

The extent of risk of gallstone recurrence first became 
clear in follow-up studies of the National Cooperative 
Gallstone Study.’ Recurrence rates of about 10% per year 
were recorded in the first 5 years after termination of 
treatment.'° Thistle!? suggested that gallstone recurrence 
is a benign event and that such stones are almost always 
asymptomatic.'? Rates of recurrence of gallstones after 
gallstone lithotripsy are similar to those found after bile 
salt dissolution therapy.'* This study’? failed to confirm 
the suggestion!’ that recurrent stones tended to be ‘silent 
stones’ but instead reported significant symptoms in pa- 
tients in whom gallstones recurred. Even so we have not 
chosen to add any estimated cost of gallstone recurrence 
to the cost of a lithotripsy program, although, if lithotripsy 
were widely applied for long periods, recurrent stones 
might prove to be the most costly aspect of the program. 

Several more elaborate additions to routine gallstone 
lithotripsy have been proposed. Because gallstone disso- 
lution with bile acids is effective only for cholesterol gall- 
stones, efforts have been directed at lithotripsy of pig- 
mented gallstones. Routine use of computed tomography 
scans of the gallbladder to detect microcalcifications in 
pigmented stones has been suggested.’4 Peine and 
colleagues'> advocated combining gallstone lithotripsy 
with direct dissolution therapy (methyl-tert-butylether) by 
means of perfusion of methyl-tert-butylether into the 
gallbladder via a percutaneous cholecystostomy tube (with 
the patient under general anesthesia) in the treatment of 
partially calcified gallstones.'° The potential added costs 
of such additional modes of diagnosis and therapy could 
be great. | 
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Finally the recent development of techniques whereby 
operative cholecystectomy can be performed with a lapa- 
roscope has further simplified EC.'° Not only have the 
lengths of hospital stay been reduced, but postoperative 
convalescence and days absent from work have been sig- 
nificantly reduced. At this point in the evolution of treat- 
ment of gallstones, the development of a highly successful 
laparoscopic method would appear to establish operative 
cholecystectomy as the treatment of choice for all who 
qualify. Patients who do not qualify for laparoscopic op- 
eration (some patients with acute cholecystitis or previous 
upper abdominal operations, interalia) could be treated 
by open cholecystectomy. 
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DISCUSSIONS 


Dr. R. SCOTT JONES (Charlottesville, Virginia): The data look quite 
clear. In addition to the cost, we also need to look at other items in terms 
of efficacy and also a comparison of the fact that when one undergoes 
cholecystectomy, the gallbladder is, by definition, gone. And when the 
lithotripsy is completed, the gallbladder remains in place, which is also 
a serious consideration. 

But all of these things have been examined, at one time or another. 
And I simply would like to make a comment, particularly about litho- 
tripsy. And the comment is that lithotripsy, at least in the United States, 
is presently and will, for the foreseeable future, be done on an experimental 
or trial basis. 

All patients now included in lithotripsy treatment are entered under 
a protocol that defines the patient population. The number of shocks 
applied are defined by protocol. The intensity of the shock is defined by 
protocol, and the mechanism for follow-up and the tests and evaluation 
also are done by protocol. In other words it is fairly rigid. 

I think it is probable that when the FDA sees fit to liberalize or accept 
lithotripsy that we will learn a lot more about it than we now know. We 
will be able to increase the intensity of the shocks and increase the fre- 
quency and also modify the protocol in such a way as to reduce costs 
considerably. 

So now we do not know where we stand with lithotripsy, and it appears 
highly unlikely that it will be released, at least for another 3 years, so it 
would probably be another 5 years before we really have an opportunity 
to work on this. 

Having said that, though, I think Dr. Thompson’s points are all good. 
And that for lithotripsy to emerge as an effective therapy, it will certainly 
have to improve considerably in terms of efficacy, and we will have to 
do a lot to decrease the cost. 


Dr. LES WILLIAMS (Nashville, Tennessee): Jim has already suggested 
the answer to one of my two questions. We at Vanderbilt are in a biliary 
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lithotripsy study. The piezoelectric machine was developed at Vanderbilt, 
and we have analyzed 106 patients who have been treated. 

We have looked at our finances a little differently and also because 
our protocol happens not to involve bile salts, we don’t have the constant 
bile salts, but we are treating cholesterol-calcified stones, so we have a 
constant CT. There are, thus, minor differences. 

But we looked at the original data. And using the protocol require- 
ments, the cost of lithotripsy for 1 year was exactly the same as the cost 
of elective traditional hospitalized cholecystectomy. 

So that those data suggest the same. And, indeed, we had one patient 
of five eligible for treatment, just as they did. 

However, if you look at those, as we did, most of those costs are 
laboratory driven. And they are driven by the FDA protocol because of 
safety. 

Having now done a number of these, I believe we would not, in routine 
practice, continue those costs. So in that context, the cost would be 
decreased. However we had one other difference. Of the eligible patients 
to be treated with lithotripsy even at the beginning, because we lived in 
Nashville, the home of the laparoscopic cholecystectomy enthusiasm 
before the rest of the world joined it, we had only two of three patients 
who would elect lithotripsy. 

Recently in 6 months we have had a single patient willing to have 
lithotripsy, and she had a morbid fear of anesthesia, and that was the 
only reason. So we can not find anybody to treat with lithotripsy. 

Therefore my questions are two. Is it not laparoscopic cholecystectomy 
that will negate lithotripsy as a meaningful treatment of gallstones? 

And, in fact, if lithotripsy is to have a place, would it not be for what 
the FDA protocols do not now permit, the treatment of a patient who 
is a severe anesthetic risk, treatment of a patient whose gallstones are 
unusual, that is, after TPN, rapid weight loss, that is, those circumstances 
in which the in situ gallbladder may not necessarily be “the source of 
recurrent gallstones? 


Dr. RON JONES (Dallas, Texas): Dr. Thompson again questions the 
role of biliary lithotripsy in the management of patients with cholelithiasis. 
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The first patient treated in the United States under an FDA-approved 
protocol at an ID site was at Baylor Hospital in Dallas in January 1988, 
approximately 3 years ago. And that was a patient of Dr. David Van- 
derpool, who happens to be a guest at this meeting, and that patient was 
treated with a Medstone machine. 

We treated 94 patients with [35 treatments, for a retreatment rate of 
35% to 40%. Our results at Baylor Hospital are almast identical to those 
reported in the New England Journal of Medicine a few weeks ago, which 
summarized the Dornier data. 

There are more than 65 investigational sites in the United States 
studying this technology. The best results are in patients with stones that 
are in a subset with [.5 cm or less without calcification. And there you 
can obtain up to a 50% stone-free rate. 

Nevertheless, because of the small group of patients who qualify for 
this treatment, the fact that the stone-free rate is not very good, even in 
these patients, and because laparoscopic cholecystectomy has become 
so popular, Medstone International closed all protocols approximately 
1 month ago and announced that they were not going to pursue for a 
period of time the development of biliary lithotripsy and would now 
concentrate only on renal lithotripsy. 

Therefore it is questionable whether biliary lithotripsy will have a sig- 
nificant role in the future in the management of patients with biliary 
tract disease. 


Dr. W. H. NEALON (Closing discussion): It seems not to be a very 
controversial issue that we are presenting today. 
I would comment that the data that Dr. Williams presented concerning 
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the use of the piezo electric machine for lithotripsy and the fact that 
their costs were identical in | year, perhaps is important information, 
although they do not appear to have added to their calculations all an- 
cillary costs. And certainly you are right that some of the protocol re- 
quirements for laboratory studies do increase the cost. 

However it is important to know that repeat ultrasound, which, of 
course, is never indicated in a patient who has had a cholecystectomy, 
is one that you would need to anticipate in any patient who has been 
treated by a measure that leaves the gallbladder in situ. And, of course, 
the global view of knowing the gallbladder will remain and that gallstone 
recurrence is likely in at least one half of those patients makes that kind 
of repeat analysis likely. 

The question of whether laparoscopic cholecystectomy is not really 
the issue is important. Knowing that laparoscopic techniques have been 
available for years, it is an interesting quirk of history that both of these 
technologies should be applied to the treatment of gallstones almost si- 
multaneously. 

But you are absolutely right. Our ability to recruit patients for lithotripsy 
has decreased considerably since the introduction of laparoscopic cho- 
lecystectomy. Most patient referrals come with a request for laparoscopic 
cholecystectomy. 

I think you may be right that some of the severe-risk patients would 
be candidates for this procedure, although the fact that in general cho- 
lesterol gallstones are the indication, things such as TPN-induced gall- 
stones, which are primarily pigmented stones, would not be candidates 
for this procedure anyway. 

I was aware of Medstone’s withdrawal from the whole world of biliary 
lithotripsy, and that is, by itself, enough of a comment on what the likely 
future of biliary lithotripsy can be. 
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Upper abdominal surgery is associated with characteristic 
changes in pulmonary function which increase the risk of lower 
lobe atelectasis. Sixteen patients undergoing open cholecystec- 
tomy and 20 patients undergoing laparoscopic cholecystectomy 
were prospectively evaluated by pulmonary function tests (forced 
vital capacity [FVC], forced expiratory volume [FEV-1], and 
forced expiratory flow [FEF] 25% to 75%) before operation and 
on the morning after surgery to determine if the laparoscopic 
technique lessens the pulmonary risk. Fraction of the baseline 
pulmonary function was calculated by dividing the postoperative 
pulmonary function by the preoperative pulmonary function and 
multiplying by 100%. Postoperative FVC measured 52% of pre- 
operative function for open cholecystectomy and 73% for lapa- 
roscopic cholecystectomy (p = 0.002). Postoperative FEV-1 
measured 53% of baseline function for open cholecystectomy 
and 72% for laparoscopic cholecystectomy (p = 0.006). Post- 
operative FEF 25% to 75% measured 53% for open cholecys- 
tectomy and 81% for laparoscopic cholecystectomy (p = 0.07). 
It is concluded that laparoscopic cholecystectomy offers improved 
pulmonary function compared to the open technique. 


used in several medical centers in the United 

States in the past 2 years. The advantages of the 
laparoscopic technique include less patient discomfort, 
shorter hospitalization, and shorter interval to return to 
full activities after operation.' It has been postulated that 
due to the minimal incisional discomfort, postoperative 
pulmonary function following laparoscopic cholecystec- 
tomy would be improved as compared to open cholecys- 
tectomy. This study prospectively evaluated this hypoth- 
esis in patients undergoing elective cholecystectomy. 


l APAROSCOPIC CHOLECYSTECTOMY HAS been 
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Materials and Methods 


A prospective evaluation of all patients undergoing el- 
ther open or laparoscopic cholecystectomy during a 6- 
week period from May 1, 1990 through June 15, 1990 
was performed. Patients undergoing concomitant com- 
mon duct exploration were excluded from the study. This 
time period coincided with a stage early in our experience 
with laparoscopic cholecystectomy when one half of our 
surgeons were performing laparoscopic cholecystectomy 
and one half were not. New patients with symptomatic 
cholelithiasis were assigned randomly to individual staff 
surgeons, aS is our customary practice, with no attempt 
to preselect patients into one operative procedure or the 
other. All patients were counseled before operation on 
routine postoperative pulmonary care, including use of 
the incentive spirometer. 

Pulmonary function testing was performed before op- 
eration in all patients in the pulmonary lab using the Sen- 
somedic 2800 body plethysmography and flow volume 
loop. Forced vital capacity (FVC), forced expiratory vol- 
ume at | second (FEV-1), and forced expiratory flow at 
25% to 75% (FEF 25%~—75%) were obtained. Bronchodi- 
lators were not administered during the testing. Absolute 
and percentage predicted values were measured. 

The morning after surgery all patients underwent bed- 
side pulmonary function using the Puritan Bennet PS 
600 processing spirometer, again measuring FEV-1, 
FVC, and FEF 25%-75%. Patient analgesia was individ- 
ualized to meet each patient’s requirements. This ranged 
from no analgesia to systemic narcotics. 
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A fraction of the baseline pulmonary function was cal- 
culated by dividing postoperative pulmonary function by 
the preoperative pulmonary function and multiplying by 
100%. Statistical analysis was performed using the t test. 


Results 


During the 6-week study period, 16 patients underwent 
open and 20 patients underwent laparoscopic cholecys- 
tectomy. The indication for surgery in all patients was 
chronic symptomatic cholelithiasis. There were no cases 
of acute cholecystitis. There were 15 women and 1 man 
undergoing open cholecystectomy, with a mean age of 54 
years (range, 21 to 86 years). Sixty-two per cent had a 
history of smoking more than one-half pack per day. There 
were 18 women and 2 man having laparoscopic chole- 
cystectomy with a mean age of 47 years (range, 23 to 84 
years). One half had a history of smoking more than one- 
half pack per day. No patient in either group was on 
chronic bronchodilator therapy (Table 1). 

All surgeries were performed using general anesthesia. 
Open cholecystectomy was performed through a standard 
subcostal incision. Laparoscopic cholecystectomy was 
performed using a four trocar technique. Carbon dioxide 
was insufflated intraperitoneally during laparoscopic cho- 
lecystectomy with intra-abdominal pressures maintained 
at 20 mm mercury. Mean length of surgery was 70 minutes 
(range, 40 to 160 minutes) for open cholecystectomy and 
87 minutes for laparoscopic cholecystectomy (p = 0.18). 
Mean duration of anesthesia was | 14 minutes (range, 75 
to 215 minutes) for open cholecystectomy and 129 min- 
utes (range, 80 to 170 minutes) for laparoscopic chole- 
cystectomy (p = 0.20). 

Postoperative FVC measured 52% of preoperative 
function for open cholecystectomy and 74% for laparos- 
copic cholecystectomy (p = 0.002). Postoperative FEV-1 
measured 53% for baseline function for open cholecys- 
tectomy and 72% for laparoscopic cholecystectomy (p 
= 0.006). Postoperative FEF 25%-75% measured 53% for 
preoperative functioning for open cholecystectomy and 
81% for laparoscopic cholecystectomy (p = 0.07) (Ta- 
ble 2). 


Discussion 


The pulmonary effects of surgery and general anesthesia 
have been well documented. Impaired gas exchange occurs 


TABLE 1. Patient Demographics 


Demographic Open Laparoscopic 
Number 16 20 
M:F FIS 2:18 
Mean age (years) 54 (21-86) 47 (23-84) 
Smoking Hx ! 62% 50% 


Hx, history. 
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TABLE 2. Fraction of Baseline Pulmonary Function 


Function Open (%) Laparoscopic (%) p Value 
FVC 54 73 p = 0.002 
FEV, 52 72 p = 0.006 
FEF o5q_754 53 ži p = 0.07 


with the induction of general anesthesia and can be related 
to the effects of general anesthesia on distribution of ven- 
tilation, lung and chest wall mechanics, lung volumes, 
shunt fraction, and ventilation perfusion relationships.?" 
Patient position, type of inhaled anesthetic, tidal volume, 
and airway pressure during general anesthesia can influ- 
ence gas exchange and lung mechanics.*° 

Upper abdominal surgery can produce dysfunctional 
pulmonary mechanics independent of the effects of gen- 
eral anesthesia. Characteristically a restrictive pattern is 
seen with reductions in vital capacity and functional re- 
sidual capacity (FRC).°* After upper abdominal surgery, 
vital capacity may decrease by 50% or more, while func- 
tional residual capacity and tidal volume are reduced by 
30%. Forced expiratory volume in one second will show 
similar postoperative decreases.” Latimer® demonstrated 
that this decrease in FEV-1 is secondary to a loss of lung 
volume rather than a major airway obstruction. The ma- 
jority of patients undergoing extremity surgery using gen- 
eral anesthesia do not experience a similar decrease in 
FRC. Therefore this postoperative abnormality cannot be 
attributed to the effects of the anesthetic alone.”!° 

The etiology of the pulmonary dysfunction after upper 
abdominal surgery is understood incompletely and mul- 
tiple factors may contribute. Incisional pain produces a 


‘ pattern of shallow inspiration to minimize discomfort, 


Functionally the chest and abdominal walls are interde- 
pendent during respiration. The increase in intra-abdom- 
inal pressure with expansion of the chest wall causes out- 
ward movement of the abdominal wall.!' Incisional pain 
will restrict this outward movement. Relief of pain by 
epidural analgesia or intercostal block only partially re- 
stores vital capacity and FRC toward preoperative values. 
This indicates that upper abdominal incisions interfere 
with the ability to expand the thorax independent of pain 
factors alone. 

Diaphragmatic dysfunction also plays a role in impaired 
ventilation. During normal respiration, 60% of the in- 
spired tidal volume is contributed by a contraction of the 
diaphragm.'* After upper abdominal surgery, diaphrag- 
matic excursion is decreased!? and paradoxical motion of 
the diaphragm can occur,!* which leads to increased de- 
mand on intercostal muscle contribution to respiration. 
This change can cause a decrease in the functional residual 
capacity. 
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The postoperative changes in pulmonary function im- 
prove gradually but are still demonstrable in most patients 
5 to 7 days after surgery.®!> These changes become clin- 
ically significant when they contribute to pathologic con- 
ditions such as atelectasis, hypoxemia, and pneumonia. 

The location and type of abdominal incision has been 
shown repeatedly to play a role in postoperative ventila- 
tory impairment.”'*!® Laparoscopic cholecystectomy re- 
quires minimal muscle disruption and produces less post- 
operative pain. Because of these factors, it has been pos- 
tulated that postoperative pulmonary dysfunction would 
be diminished. These benefits may be offset, however, by 
longer operating and anesthetic time required for lapa- 
roscopic cholecystectomy as well as pulmonary problems 
associated with the pneumoperitoneum performed during 
the procedure. The current study addressed this question 
in 26 patients. The three pulmonary functions tested 
(FVC, FEV-1, and FEF 25%-75%) all demonstrated ap- 
proximately 20% to 25% better function in the patients 
undergoing laparoscopic cholecystectomy compared to 
the patients undergoing open cholecystectomy. These dif- 
ferences were present despite longer anesthetic and op- 


erative times for the laparoscopic cholecystectomy group. ` 


The physiologic alterations associated with upper abdom- 
inal surgery are reduced significantly with the laparoscopic 
technique. The advantages demonstrated by pulmonary 


function testing should translate clinically into better gas ; 


exchange, improved functional residual capacity, and 


better lung volume. This improvement in pulmonary | 


function may translate into a lower incidence of respi- 
ratory complications. 
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manuscript. 
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postoperative change, that of pulmonary function. Dr. Roberts and col- 
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function are decreased by approximately 50% in the immediate post- 
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As a matter of fact, the decrease was only about 25% with laparoscopic 
cholecystectomy, as opposed to 50% with open cholecystectomy. 

I have several questions for these authors. Your time of operation 
with laparoscopic cholecystectomy was a little longer. Now that you 
have more experience with that operation, does it equal that of open 
cholecystectomy? 

You note in your manuscript that you use a four-portal technique. 
We use a five-portal McKernan technique, one for the light source, two 
for each hand of the surgeon, and one for each hand of the assistant. Do 
you use two ports for the surgeon or two ports for the assistant? 

Have you now studied more patients with pre-existing pulmonary 
dysfunction as opposed to those with relatively normal pulmonary func- 
tion and determined the amount of additional impairment by open as 
opposed to laparoscopic cholecystectomy? 

Considering patients with COPD, do you intend to change the criteria 
you might use to proffer operation, that is, by the laparoscope as opposed 
to the open operation that you were doing last year? 

It pleased me to note that you used the open technique for your initial 
entry. Because 85% of our patients have had a previous abdominal op- 
eration, indeed, several have had at least two previous laparoscopic pro- 
cedures, we think that should be done in every instance. Is that what 
you do? 
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Dr. RICHARD C. FRAZEE (Closing discussion): It is rare that an advance 
in a surgical procedure produces such a dramatic improvement in post- 
operative recovery as we have seen with laparoscopic cholecystectomy. 
Iam impressed with the similarities between our study and the subsequent 
two studies and many of the discussants. 

I would like to address some of the questions specific to our study and 
then some of the other questions addressed to the other papers, about 
which we differ slightly with the other authors. 

Dr. Laws you asked about our time of operation. Indeed it has de- 
creased with further experience. This procedure is very learner dependent. 
The more experience you gain with the procedure, the easier and more 
facile you become with the instruments. And, in fact, our average op- 
erating time for cholecystectomy alone now averages between 45 and 
60 minutes. Including operative cholangiography, the time increases by 
an additional 20 minutes. | 

You asked about our four-trochar technique. This is a technique we 
began from the beginning, involving a periumbilical cutdown procedure. 
The three additional trochars are placed in the subcostal position. 

The scope is inserted through the periumbilical position and usually 
is operated by a medical student at our institution because we are a 
teaching institution. The remaining three trochars are shared between 
the operating surgeon and his assistant. One is used for liver retraction, 
a second for retraction of the gallbladder, and a third for the actual 
dissection. The operating surgeon operates the dissecting trochar inde- 
pendently while the other two are held by the assistant. | 

You asked if our criteria for patient selection has changed, and indeed 
it has. And this has come about by instruction of our internal medicine 
colleagues. By presenting our data to them, we are now seeing patients 
who had not been referred for surgery on the basis of pulmonary function. 
We are now seeing patients with borderline pulmonary function who 
are considered a relative contraindication to general surgery now coming 
for laparoscopic surgery and doing quite well. 

Dr. Meyers your series is very impressive, but I am concerned by the 
number of common bile duct injuries in your series. We have now per- 
formed close to 200 laparoscopic cholecystectomies with no common 
duct injuries, and I think there is no reason that with adequate training 
and caution in this procedure the experience with common duct injury 
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with a laparoscopic procedure should be no higher than with open cho- 
lecystectomy. 

Dr. Voyles you posed several questions regarding cost containment 
and I applaud you for those. We fall into your category of the group of 
surgeons who started with electrocautery and have not abandoned that. 
When establishing this procedure at our institution, we thought we wanted 
to make it as similar to the open procedure as we could, rather than 
trying to learn new techniques. So we started initially with the electro- 
cautery for dissection and have found no indication to change that pro- 
cedure. 

I would question one of the benefits of the disposable trochars that 
we have found, namely that the seal that is available for down-sizing the 
trochar from a 10-mm trochar to a 5-mm trochar allows less loss of 
pneumoperitoneum during dissection. This may be one of the advantages 
of the disposable trochars. 

You talked about the use of routine operative cholangiography. Again 
this was something we wanted to make similar to our experience with 
open cholecystectomy. There are a number of series that have shown 
equal results practicing selective cholangiography as opposed to routine 
cholangiography, and we have taken this stance in our laparoscopic pa- 
tients as well. 

We do not think operative cholangiography is necessary to prevent 
common bile duct injury or to identify anatomy. Much as in the open 
procedure, the anatomy should be identified by direct visualization rather 
than cholangiography. 

Dr. Wilson we took a similar approach to your institution in that all 
six of our general surgeons have subsequently bécome trained and ac- 
credited in the laparoscopic procedure. We frequently assist one another 
in the more difficult cases, and this combined effort has improved our 
results. 

Dr. Chavez your comments about a mini-laparotomy were shared by 
one of my partners. He was convinced that through the use of a small 
right upper quadrant incision that a postoperative recovery would be no 
different than with a laparoscopic procedure. I am pleased to say he has 
now been converted to an advocate of laparoscopic cholecystectomy. 

Dr. Thompson I agree that the indications for laparoscopic surgery 
will continue to expand. And right now I am afraid we fall into phase | 
of your different phases. We are still in the enthusiastic phase. I hope we 
do not fall into the subsequent phase 5. 
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This paper reports the experience of three general surgeons per- 
forming 304 laparoscopic cholecystectomies in three private 
hospitals between October 1989 and November 1990. Laparo- 
scopic cholecystectomy boasts two major advantages over the 
conventional procedure: the remarkable reduction in postoper- 
ative pain and economic benefit, largely due to the patient’s early 
return to work. Revealing a complication rate of 2% and no 
deaths, this study has shown that this procedure can offer patients 
these advantages with a medical risk no greater than that ac- 
companying conventional cholecystectomy. Patient safety must 
be paramount, and it is the responsibility of the surgical com- 
munity to ensure that all surgeons receive the highest quality 
training and that the technique is applied appropriately. 


ORE THAN 500,000 PATIENTS undergo tradi- 
M tional open cholecystectomy each year in the 
United States. While elective cholecystectomy 
now carries extremely low morbidity and mortality rates, 
the operation does incur sizable expense in terms of hos- 
pitalization and time lost from work. In the past several 
decades, research has been conducted along several av- 
enues to develop less invasive, painful, and expensive 
methods of gallstone treatment. Such methods as the ap- 
plication of oral desaturation agents (chenodeoxycholic 
acid, ursodeoxycholic acid), contact dissolution agents 
methyl tert-butylene ether (MTBE), and extracorporeal 
shock wave lithotripsy are limited by stone content, size, 
and number. In addition they leave intact a gallbladder 
already known to harbor lithogenic bile. Thus these non- 
operative methods are inadequate for a large proportion 
of gallstone patients and they cannot promise permanent 
cure from gallstone disease. 
While embraced widely by American physicians only 
during the past two decades, laparoscopy was first de- 
scribed in Europe at the turn of the century.! Through 
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the 1930s laparoscopic techniques and instruments to 
employ them were perfected, although the procedure was 
then used mostly to diagnose liver disease. Laparoscopy 
was first reported by Ruddock in the United States in 
1933, and until the 1970s it remained largely a diagnostic 
procedure.” During that decade gynecologic surgeons de- 
veloped laparoscopic tubal ligation, and in the early 1980s, 
Daniell? reported the combined use of laser and laparos- 
copy for the treatment of endometriosis. These laparo- 
scopic operations produced less postoperative pain, re- 
quired shorter in-hospital and outpatient recovery times, 
and allowed rapid return to normal activity. 

The application of laparoscopy to general surgical dis- 
eases has increased in frequency and effectiveness in the 
past 5 years. Its use has been proposed to diagnose liver 
metastases and thus determine operability in pancreatic 
cancer. The first laparoscopic cholecystectomy was per- 
formed in May 1988 by DuBois in France.’ In June 1988 
McKernan and Saye performed a piecemeal cholecystec- 
tomy via the laparoscope (oral personal communication, 
October 1990). Reddick and Olsen,” however, devised the 
currently used method for laparoscopic cholecystectomy, 
performing their first case in September 1988. 

Laparoscopic cholecystectomy achieves the goals of 
shorter recovery time, decreased expense, less postoper- 
ative pain, and improved cosmesis. It can be applied to 
nearly all patients with gallstones and by completely re- 
moving the gallbladder, should produce the same long- 
term results as standard open cholecystectomy. It has 
spread rapidly through the surgical world but without 
benefit of carefully controlled prospective studies. Thus 


‘we think it is imperative that experience with the proce- 


dure be reviewed carefully to ensure that the short-term 
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gains mentioned above are not outweighed by increased 
deaths and long-term losses such as major common duct 
injuries. 

We report our experience, as general surgeons, per- 
forming 304 laparoscopic cholecystectomies in three pri- 
vate hospitals between October 1989 and November 1990. 
We had the advantage of being tutored by Reddick and 
Olsen, the originators of the procedure. 


Materials and Methods 


Indications for laparoscopic cholecystectomy are the 
same as for the open procedure, that being symptomatic 
cholelithiasis. There were three asymptomatic patients in 
our series who underwent the closed procedure at the re- 
quest of the medical service because of associated medical 
conditions. One patient had asymptomatic chronic my- 
elogenous leukemia and the other two were diabetics, one 
anticipating pregnancy. The procedure was thought jus- 
tified to eliminate the specter of possible serious situations 
should complicating acute cholecystitis occur in the future. 


Contraindications 


The early contraindications for using laparoscopic 
cholecystectomy were the presence of large stones, evi- 
dence of acute inflammation, common duct stones, or a 
history of previous abdominal surgery. The admirable 
cautiousness of those pioneers of the procedure is evi- 
denced by their report of performing 25 minilaparotomy 
cholecystectomies during the same time frame in which 
they were proceeding with their first 25 laparoscopic ap- 
proaches.” Experience has lessened the need for these dic- 
tums, but throughout the process of refining the procedure 
others will arise. Large stones can be removed without 
difficulty. Adhesions from the omentum to the anterior 
abdominal wall due to previous surgery usually can be 
taken down, Many acutely inflamed gallbladders can be 
` removed, but each presents an individual decision. Com- 
mon bile duct stones known to be present before surgery 
that cannot be removed by endoscopic sphincterotomy 
argue for an open cholecystectomy with choledocholith- 
otomy. Although pregnancy has not been considered a 
firm contraindication to laparoscopic procedures by gy- 
necologists, we think an open cholecystectomy is prefer- 
able should symptomatic cholelithiasis demand surgical 
intervention during gestation. 


Operative Technique 


It should be mentioned at the outset that good func- 
tioning equipment and trained personnel knowledgeable 
in its use and maintenance are of paramount importance 
in carrying out a laparoscopic surgical program. 

General anesthesia was administered to patients 


GRAVES, BALLINGER, AND ANDERSON 


Ann. Surg. » June 199! 


throughout this series with no related complications. All 
patients received a broad spectrum antibiotic during in- 
duction of the anesthesia. The operative technique em- 
ployed uses video monitors and instrumentation through 
four cannulas introduced by trocars (two 5 mm, one 10 
mm, and one |! mm) into the peritoneal cavity that has 
been distended by the insufflation of 3 to 4 L carbon diox- 
ide. The insufflation is accomplished by inserting a Veress 
needle® through the umbilicus or one of the four quadrants 
of the abdomen, varying these locations to avoid possible 
bowel loops adherent to the anterior abdominal wall from 
previous surgery (Fig. 1). The initial video camera can 
locate these possible adhesions, which usually can be re- 
moved by dissection from other ports. 

A Hasson cannula always can be inserted through the 
umbilicus to avoid adhesions from previous surgery and 
allow safe insufflation.’ It has been used in six patients in 
this series and has been a significant aid in safely deter- 
mining the status of intra-abdominal adhesions in the area 
of previous incisions at the umbilicus. A slightly longer 
incision, approximately 2 cm, is made in the umbilicus 
and carried carefully through the linea alba fascia. By blunt 
dissection with the finger and a clamp, the presence or 
absence of underlying adhesions or a loop of intestine is 
determined and, if present, pushed aside to allow finger 
entry into the free peritoneal cavity. The Hasson cannula 
then is passed into said cavity and held in place by a 0- 
polyglactin suture taken in either side of the fascial open- 
ing and hooked to the cannula holding it firmly in place, 
thus preventing the escape of pneumoperitoneum (Fig. 
2). Adhesions of the omentum to the anterior abdominal 
wall usually can be dissected away bluntly or with cautery 
to allow appropriate cannula insertion and exposure of 
the gallbladder. Fitzgibbons has used the Hasson cannula 
in every case, thus avoiding any Veress needle or trochar 
injury (oral personal communication, October 1990). 

Once the cannulas are in place, reverse Trendelenberg 
position is assumed and the patient tilted to the left. 
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FiG. 1. Possible CO? insufflation sites (umbilical and right upper quadrant 
most frequently used) and subsequent trochar sites. 
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FIG. 2. Hasson cannula with sutures applied to the paraumbilical fascia 
and hooked to the cannula. 


Graspers are then used to retract the fundus of the gall- 
bladder laterally and cephalad and the infundibulum lat- 
erally or medially. Appropriate traction is of utmost im- 
portance, and if the graspers repeatedly slip from their 
purchase of a distended gallbladder, partial or complete 
aspiration is used at will. Acutely inflamed gallbladders 
are always aspirated. 

It is of singular importance that the junction of the 
gallbladder and the cystic duct be demonstrated accu- 
rately. Accordingly dissection should begin by stripping 
the peritoneum and fat from Hartman’s pouch down to 
and then from the cystic duct. Calot’s triangle should not 
be entered first. The artery then is dissected at this time 
if available, but this can be delayed if the duct blocks 
proper visualization. At this point, a cholangiogram can 
be made by inserting a catheter into the cystic duct just 
proximal to a clip applied at the junction of the duct with 
the gallbladder. A catheter is held in place with an Olsen 
clamp around the cystic duct, and 15 mL of contrast ma- 
terial is injected with all structures in view before graspers 
are removed. An additional 5 to 10 mL of contrast is 
injected just before the first of two films is made (Fig. 3). 

An alternate cholangiographic method being studied 
consists of aspirating the bile from the gallbladder and 
injecting 30 mL of contrast material under C-arm obser- 
vation. This not only allows evaluation of the common 
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FIG. 3. Normal intraoperative cholangiogram made via catheter in cystic 
duct and held in place by an Olsen clamp. 


bile duct for stones or blockage but also gives the advan- 
tage of outlining the ductal anatomy (Figs. 4 and 5). If 
universally employed, this technique could reduce greatly 
the incidence of common bile duct injuries. 





FIG. 4. Normal intraoperative cholangiogram via gallbladder with C- 
arm fluoroscopy. 


SS SS See 


Wied Aoi a eae 


a FI FF 


| a A 


5 So aS ee 





FiG. 5. Intraoperative cholangiogram via gallbladder C-arm revealing 
the cystic duct emptying into the right hepatic duct or an accessory duct. 


After applying distal and at least two proximal clips to 
the cystic duct and artery, they are divided with scissors. 
The gallbladder is retracted anteriorly and the mesentery 
between these structures and the liver is dissected for a 
frequently found additional artery. The gallbladder then 
is dissected away from the liver with an electrocautery or 
laser, effecting hemostasis in the process. 

Before the gallbladder finally is detached from the liver, 
the previously dissected liver bed and Calot’s triangle area 
should be inspected carefully for possible bleeding. These 
areas are difficult to re-examine after the gallbladder has 
been detached from the liver. If the gallbladder is torn 
during the dissection, the bile and small stones can be 
suctioned away and the opening closed with a chromic 
catgut endoloop. If stones escape, however, they should 
be recovered as well as possible. With adequate irrigation 
and suction, we have experienced no complication with 
the escape of bile and a few stones. 


Results 


Of the 304 patients in this study, 82% were female, and 
the ages ranged from 14 to 83 years, with an average of 
50 years. Weight ranged from 90 to 312 pounds, with an 
average weight of 164 pounds (Table 1). Ultrasound was 
used for diagnosis in 90% of the cases (Table 2). Pathologic 
examination revealed that 94% had demonstrated stones 
and the remaining 6% had chronic cholecystitis with or 


TABLE 1. Laparoscopic Cholecystectomy 


Demographic Data 


Female 82% 

Male 18% 

Age 14-83 years (avg., 50 years) 
Weight 90-312 Ibs (avg., 164 lbs) 


29 female patients > 200 Ibs 
11 male patients > 200 Ibs 
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TABLE 2. Diagnosis 


Total Cases Diagnostic Test 
90% Ultrasound 
10% OCG, CT, HIDA, and/or US 
5% No stones reported 


TABLE 3. Pathology 


Total Cases Pathology 
94% Cholelithiasis 
6% Chronic cholecystitis (with or without 
cholesterolosis polyp) 
3.3% Acute cholecystitis (all with stones) 


without cholesterolosis or polyps (Table 3). Ten patients 
(3.3%) had acute cholecystitis, four of whom underwent 
successful laparoscopic removal (Table 4). Of the 304 at- 
tempted laparoscopic procedures, 283 (93.1%) were com- 
pleted successfully. Conversion to an open procedure was 
required in 21 patients (6.9%), most often because of dif- 
ficulty in defining anatomy due to either acute or chronic 
inflammatory changes (Table 5). The conversion rate var- 
ied among the three surgeons, ranging from 1.6% to 4.4% 
to 12%. This illustrates that surgeons will encounter vary- 
ing pathologic conditions and must manage each case in 
the safest possible manner. No conversions were required 
for uncontrolled bleeding and no subsequent laparotomies 
were necessary. Operative time ranged from 35 to 216 
minutes and averaged 99 minutes. The laser dissection 
was used in 41% and cautery in 59%. Most cases in the 
last 4 months of this study were done with the cautery. 
Cholangiograms were attempted in 170 patients (56%) 
and successfully completed in 100 patients (Table 6). They 
were normal in 93% of the studies made. Postoperative 
endoscopic retrograde cholangiopancreatogram (ERCP) 
was carried out in five patients in whom intraoperative 
cholangiogram indicated stones. Regarding this patient 
group, stones were found and successfully removed by 
endoscopic sphincterotomy in three patients (Figs. 6 and 
7) and no stones were found in two patients. Preoperative 
ERCP was performed in | 1 patients because of suspected 
common duct stones. No stones were found in eight pa- 
tients, and stones were found and successfully removed 
in three patients. It is important to note that in this 16- 


TABLE 4. Acute Cholecystitis (n = 10) 


Cases Pathology 
6 Converted 3 hydrops 
2 acute and chronic 
| empyema 
4 Removed | hydrops 


| acute hemorrhagic 
2 acute and chronic 
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TABLE 5. Conversion to Open 
No. 


Acute cholecystitis 

Chronic scarring 

R/o CBD injury 

Cystic duct stone impaction 

Obesity 

Difficult dissection | 
CBD injury 

Carcinoma gallbladder 

Benign liver tumor 

Small intestine injury 

Conversion to open cholecystostomy 2 
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patient group pancreatitis developed in three of these pa- 
tients and delayed surgery in two. 

Complications developed in eight patients (2%), six of 
whom had prolonged ileus (Table 7). Ileus accounted for 
all three readmissions to the hospital. No secondary lap- 
arotomies were required, and no retained common duct 
stones have been encountered. The single common duct 
injury occurred when a cholangiogram was performed 
through a small common duct. This was recognized on 
the cholangiogram and successfully managed by repairing 
the choledochotomy over a size 8 T tube. Anterior traction 
of the gallbladder can straighten the angle of the cystic 
and common ducts and cause the surgeon to mistake a 
small common duct for the cystic duct (Fig. 8). There 
were no pulmonary complications, infections, or deaths. 

Eighty-six per cent of our patients were admitted on 
the day of surgery, with 75% discharged within 24 hours 
of surgery and 89% by 48 hours (Table 8). This compares 
to an average hospital stay of 6.1 days for an open cho- 
lecystectomy.® The time for return to the patient’s occu- 
pation averaged 7.35 days, ranging from 2 to 21 days. 
Examination of hospital costs revealed a savings, which 
varied at the three institutions, ranging from $1500.00 to 
essentially the same charges for laparoscopic cholecystec- 
tomy when compared to an open, uncomplicated chole- 
cystectomy. The lack of more substantial savings despite 
shortened hospital stay appears to be related to the current 
expense of the equipment charges from the operating 
room. 

Unexpected pathology was found in three instances: 
peritoneal implants from an asymptomatic carcinoma of 
the pancreas in an 83-year-old woman, carcinoma of the 


TABLE 6. Cholangiography 


Cases 
Attempted 170%-56% (total) 
Successful 100%-59% (attempted) 
Normal 93 
Abnormal 7-1 choledochal cyst 


1 suspicion CBD injury 
5 ? CBD stones 





FIG. 6. Intraoperative cholangiogram via cystic duct catheter showing 
multiple common bile duct stones removed 4 days later by endoscopic 
sphincterotomy-balloon technique. 


gallbladder in a 43-year-old man, and a benign hepatic 
tumor in a 40-year-old woman. An associated bilateral 
oophorectomy was performed on one posthysterectomy 
patient. 


Discussion 

The morbidity and mortality rates of elective conven- 
tional cholecystectomy have diminished to extremely low 
levels in the past several decades. Innovative gallstone 
treatment should at least match this success rate. This 
study was undertaken to clarify the benefits of laparoscopic 
cholecystectomy and to ensure that these are not accom- 
panied by unacceptable medical risk. 

Laparoscopic cholecystectomy boasts two major ad- 
vantages over the conventional procedure. The first is re- 
markable reduction in postoperative pain, and although 
seemingly obvious, this has not been quantified. Patients 
may experience some soreness around the incisions and 
sometimes right shoulder pain referred from CO? and fluid 
trapped beneath the diaphragm. It has not yet been doc- 
umented whether this reduction in pain will result in de- 
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FIG. 7. Intraoperative cholangiogram via the gallbladder revealing a stone 
in ampulla of the common bile duct, removed 4 days later by endoscopic 
sphincterotomy-balloon technique. 


creased pulmonary or cardiac complication rates, but 
these problems have not been experienced in our series. 
It is an interesting concept that the pain of a procedure 
results mostly from the incision and not from visceral 
dissection. 

The second major area of benefit is largely economic. 
Because the bowel is minimally manipulated, if at all, 
laparoscopic cholecystectomy results in a smaller inci- 
dence of postoperative ileus. This, along with the reduction 
in pain, allows a shortened hospital stay. While 77% of 
our patients have remained in the hospital one or two 
nights, 12% have been allowed, after careful screening, to 
leave the hospital the evening of the operative day. This 
compares well to a mean length of stay for conventional 
cholecystectomy of 6.1 days. This decreased hospitaliza- 
tion has not yet resulted in significantly lower hospital 
costs because the savings are currently offset by the high 
cost of the equipment and thus greater charges for its use. 
These costs may diminish as the equipment becomes more 
readily available and perhaps less expensive. 

The greatest economic benefit of laparoscopic chole- 
cystectomy comes from the rapid return to normal activity 
that it permits. Most patients are discharged from the 


TABLE 7. Complications 
Complication No. 


Prolonged ileus 

CBD injury 

Small bowel injury 

Death 

Bleeding 

Trochar injury 

Bile leak 

Abdominal or Wd infection 
Pulmonary 

Total 
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CBD, common bile duct, Wd, wound. 
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FIG. 8. Sketch illustrating relative normal gallbladder cystic duct-common 
bile duct relationships and sizes, and how anteriolateral traction of the 
gallbladder can distort this relationship and make a small common bile 
duct have the appearance of a cystic duct. 


hospital without activity restrictions and can return to 
work as soon as they feel able. Our mean return to work 
of 7.3 days is certainly superior to the 3 to 6 weeks usually 
required after the open procedure. Again, while not yet 
documented, this should result in great personal savings 
and thus overall societal gain. 

Are these benefits outweighed by undue surgical risk? 
From our experience, we think the answer is no. In our 
series we found only six episodes of ileus, three significant 
postoperative fevers, and one small bowel injury that oc- 
curred during dissection of an abdominal wall adhesion. 
One minor common bile duct injury occurred that was 
recognized and immediately repaired at the initial oper- 
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ation without sequelae. We had no episodes of significant 
bleeding and none of our patients required reoperation. 
In those instances of conversion to an open procedure, 
we did not consider the conversion either a complication 
or a failure because in each instance this course was chosen 
by the operating surgeon as the safest for the patient. This 
emphasis on patient safety above all else may in part be 
responsible for our relatively low complication rate. 

Accompanying the explosive adoption of laparoscopic 
cholecystectomy have been many anecdotes about un- 
recognized common bile duct injury, severe bleeding, and 
even death. Such anecdotes make it imperative that all 
surgeons honestly collect and review their results and that 
all surgeons performing the procedure be thoroughly 
trained and strictly credentialed. All staff surgeons at our 
three hospitals are certified by the American Board of 
Surgery. The hospitals’ credentialing committees currently 
require the following: completion of accredited courses 
in laparoscopy and laser (if laser is to be used) and a pre- 
ceptorship with a trained laparoscopic surgeon on at least 
10 patients, with the applicant as operating surgeon in 
three. While these criteria are fairly easy to satisfy in a 
medical center where there are many trained surgeons, 
they are much more difficult to meet in areas where the 
technique is not yet practiced. A realistic solution to the 
problem of training has not yet been identified but is one 
that the surgical community must address if the procedure 
is to succeed for the public good.?!! 

We have used both laser and cautery in the past but 
now have converted almost entirely to the cautery because 
it is more hemostatic, less expensive, and may be safer 
for the patient. We found no difference in postoperative 
recovery that would support the exclusive use of the mo- 
dality. 

Intraoperative cholangiography can be carried out in 
most patients undergoing laparoscopic cholecystectomy. 
It may evolve that it can be performed in all patients, 
except those with cystic duct obstruction, when the gall- 
bladder injection with C-arm use is used. The indications 
for performing the study in the laparoscopic setting should 
be the same as for open cholecystectomy, and this is varied 
from specific clinical and anatomic criteria to its routine 
use in all patients.'”!? Although the incidence may be 
small, we have encountered two patients with common 
duct stones without clinical history or laboratory findings 
suggestive of their presence (Figs. 6 and 7). The value of 
outlining the ductal anatomy is another strong reason for 
its routine use in the laparoscopic setting. Fitzgibbons ad- 
vises its use in all cases of acute cholecystitis to conñrm 
ductal position (oral personal communication, November 
1990). 

The need for preoperative ERCP in patients suspected 
of having a common bile duct stone should be evaluated 
carefully. There should be objective evidence by labora- 
tory findings, ultrasonography, or radionuclear scan. If 
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the indication is questionable, we favor waiting for an 
intraoperative cholangiogram confirmation. If this study 
indicates common bile duct stones, a postoperative en- 
doscopic sphincterotomy then can be used. Although the 
incidence is low, ERCP carries a distinct risk of compli- 
cation and should not be used at will. 

Despite the rapid recovery and great patient satisfaction 
with this method of gallbladder removal, we emphas.ze 
that the indication for operation should remain symp- 
tomatic cholelithiasis. The initial contraindications to the 
procedure (acute cholecystitis, intra-abdominal adhesions, 
and suspected common duct disease) became more rel- 
ative as our experience increased. While these conditions 
do make the procedure more difficult, they can be man- 
aged safely through the laparoscope along with patience 
and judgment. It may be advisable for the learning surgeon 
to avoid laparoscopic procedures in patients with in- 
creased technical risk until his or her experience grows, 
or to operate on such patients with another trained sur- 
geon. Portal hypertension and coagulopathies should be 
approached with great caution. 

Laparoscopic cholecystectomy can be performed with 
a very low morbidity rate, at least equal to that of the 
open procedure. The decreased operative discomfort may 
produce medical benefits, which remain to be identified. 
With adequate training, sound judgment, and highest 
priority given to patient safety, the risk of life-threater.ing 
or life-changing injury is minimal. Patient demand has 
fueled rapid dissemination of this technique througkout 
the country, but despite this, it is the responsibility of the 
surgical community to ensure that all surgeons rec2ive 
the highest quality training and that the technique is ap- 
plied appropriately. 
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DISCUSSIONS 


Dr. WILLIAM MEYERS (Durham, North Carolina); Back in April at 
Vanderbilt University, the Southern Surgeons Club convened. This is a 
travel club of which one of the cofounders is Dr. DeBakey. At that time 
several participants reviewed their early preliminary experience with la- 
paroscopic cholecystectomy. It was decided at that time to enter into, 
in a collaborative way, a prospective analysis of the perioperative com- 
plications. 

There were 20 participants who ended up being in the study, repre- 
senting 59 surgeons. 

The surgeons just happened to be equally divided into academic versus 
private practice surgeons, with 10' coming from each, the definition of 
academic being regular presence of residents participating in the 
surgery. 

There were 518 cases of laparoscopic cholecystectomy performed, 
with about one half performed by the private practice and one half by 
the academic surgeons. And the overall complication rate was 5.1%. 

The number of conversions that were counted as complications was 
about 0.09%. That is there were conversions that were solely for the 
reasons of identification of anatomy and scarring that were not counted 
as complications. 

There was one death in the series. That was a patient who underwent 
a laparoscopic cholecystectomy for what was thought to be subacute 
cholecystitis, and the patient did well initially for about 2 days and then 
died on the third postoperative day of a posteriorly ruptured 3 cm ab- 
dominal aneurism, which probably represented, in retrospect, a mistaken 
diagnosis. 

The most common complication was superficial wound infection. The 
other complications were as listed, with 13 contributed from the con- 
version group, seven bile duct 1 injuries, but there was actually an eighth 
injury that occurred after conversion to open cholecystectomy. There 
were a number of other complications, of which bowel injury is a prom- 
inent one. Four of them occurred in the series, two with the safety shield 
trochar and two without. We do not know the‘denominator of that, 
however. There were 31 other complications, of which many were very 
minor, including a delay in hospitalization of 1 day for a preoperatively 
arranged cardiology consultation. 

As mentioned, the bile duct injury number was 7, representing 0.5% 
of the total group. Four of those injuries were recognized at the time of 
laparoscopic cholecystectomy and immediately converted and repaired 
with simple repairs, two of which required T-tube insertion. Three were 
unrecognized and represented significant complications. 

The i injuries occurred in cases 2, 3, 10, 12, 13, 25, and 43 in various 
surgeons’ experiences. The exact bile duct i injury rate was overall 0.47%. 
The unrecognized i injury rate was 0.2%. The injury rate in the first 13, 
the unlucky 13 of anybody’s series, was 2.2%. And after 13, 0.1%, which 
is favorable compared to the conventional rate of 0.2%. 

The only difference between the academic and the private practice 
group was in mean operative time. Academicians were slower, averaging 
about 35 minutes or longer per case. 

One glaring observation is the relatively low incidence of common 
duct disease found either before or during operation of only 1.8% com- 
pared to the expected 8% to 16%. And in the short time of follow-up, 
there has been a retained stone rate of 0.04% that has been recognized. 
I think we have to be alerted to that possible complication. 

As has been shown previously in others’ data, in the large group, the 
hospital stay is significantly shortened, with about 14% of patients dis- 
charged on the same day of hospitalization. 


Dr. RANDLE VOYLES J ackson, Mississippi): This certainly is an im- 
portant meeting, for this is the first presentation of laparoscopic chole- 


cystectomy at the Southern Surgical Association, and I congratulate the 
authors in each of the three papers on their presentations. 

It is particularly important that we sort out specific criteria for successful 
as well as a cost-effective application of this procedure across the country. 
For it is rapidly becoming available and it may be easier to teach someone 
how to do this procedure in a cost-effective fashion rather than reteach 
them later. | 

I will limit my discussion to three largely technical areas of this pro- 
cedure. My data base for comments is a series of 500 patients completed 
in Jackson, Mississippi with no ductal injuries and no deaths. 

It is increasingly clear that there is probably no patient benefit with 
laser dissection of the gallbladder. As many of you know, I have been 
doing an informal survey between sessions of this meeting. There are 
basically three categories of laparoscopic surgeons here. 

There is the one group of surgeons who started with electrocautery 
and have continued with it. The second group, of which I am part, 
started off with laser and switched over to electrocautery and is not going 
back. And then there is a third group of surgeons, laser proponents who 


-have limited experience with electrosurgical dissection. 


I have also included in my informal survey the additional patient cost 
of laser dissection for the gallbladder. It starts at $250.00 in Nashville, 
where Dr. Graves is—-and perhaps they have an additional benefit of 
cheaper costs because they got into the lasers earlier and perhaps pur- 
chased their equipment more cheaply. But it extends up to $1100 in 
some of the centers, where the expensive disposable fibers are used. 

Again there is no claim of patient benefit by any of the surgeons using 
laser dissection over electrosurgical dissection. 

The final question that I would raise concerns the business of operative 
cholangiography. Bill Meyers just noted that only 2% of patients seem 
to have common duct stones. So why are we going to be doing chol- 
angiograms in the other 98%? Well one reason is to prevent injury, but 
Dr. Graves, I would quibble with the data supporting the case for routine 
operative cholangiography. 

Dr. Graves I would quibble with you a bit about your own data. It 
appears to me that your cholangiogram might well have been the source 
of the injury rather than have prevented it. 

Because the incidence of common duct stones seems to be so low, it 
seems to be important to develop more sensitive clinical parameters to 
determine who does not have common duct stones. 


Dr. DAVID ADAMS (Charleston, South Carolina): In 1987 Philippe 
Mouret performed laparoscopic cholecystectomy in Lyon, France. In 
1988, as has already been mentioned, DuBois in Paris and Périssat in 
Bordeaux joined Mouret in carefully advancing the frontiers of this new 
technique. 

The initial French experience has been analyzed recently by Professor 
Perisot and his additional data to support the conclusions that have been 
presented today. Périssat noted a 0% mortality rate, a 4.8% morbidity 
rate, and a 6.4% conversion rate in 2300 laparoscopic cholecystectomies, 
which were performed by 20 surgeons during a 3-year period. 

One per cent of patients required open operations for complications 
of laparoscopic cholecystectomy, an issue that requires close scrutiny, 
as Dr. Graves and Dr. Jones have done today. 

The Achilles heel of laparoscopic cholecystectomy, of course, is ac- 
cidental injury of the common bile duct, and the questions I wish to ask 
Dr. Graves and Dr. Jones relate to this issue. 

That is, does operative cholangiography prevent common bile duct 
injury during laparoscopic cholecystectomy and, thus, is cholangiography 
mandatory? 
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Will experience and better techniques improve the cholangiogram 
completion rate? 


Dr. JOHN WILSON (Atlanta, Georgia): My comments will involve 
three issues that have already been raised primarily by Dr. Graves, and 
they are predicated on our experience in laparoscopic cholecystectomy. 
Also I would like to present a few statistics that are the basis for my 
comments: 

The pros of the procedure have been pretty well outlined. And I will 
not belabor this, but our statistics compare with most of those that have 
been presented. We have less than one day hospitalization. Actually 28% 
were done as true outpatients, and 87% of our patients returned home 
within 24 hours. 

The cosmetic effect, the cost, the short term in the hospital, short time 
to return to work, all have been mentioned and are the advantages of 
this procedure. 

The disadvantages concern the morbidity risks that are associated with 
the procedure. This has been our experience in our first 600 laparoscopic 
cholecystectomies that were done at Georgia Baptist Medical Center. 

I think you can see from this that there were no common duct Injuries. 
And, incidentally, these statistics have held true pretty much all the way 
with our continuing experience. There have been no common duct in- 
juries, no deaths, and no postoperative bleeding. 

The one small bowel injury was associated with adhesion, which was 
not done as part of the removal of the gallbladder but was done as an 
ancillary procedure, but at the time of cholecystectomy, and was rec- 
ognized and repaired at that time. 

The frank hematoma was a result of postoperative anticoagulation 
therapy and was due to suspected pulmonary embolus, which was not 
the case. 

We used these statistics to make our second comment because we 
submitted our experience and it was returned as not appropriate for this 
program. However we think we need to share these statistics because it 
has to do with what I would like to say next, and that is that we think 
our good experience-—and we feel that it is a very good experience—has 
been due primarily to the method with which we approached this. This 
has been a cooperative effort by all the surgeons in our hospital and was 
started as such. We agreed from the beginning that we would help each 
other; we would assist, we would observe, and we would criticize. And 
these are the individuals who have been the core of this experience. 

I must note that Drs. Mason and Duncan were the progenitors of our 
program, and Dr. David Baird is one of our residents. Dr. Eddie Reddick 
in Nashville, who precipitated our interest in this procedure, was kind 
enough to allow Dr. Baird visit and work with him for a month and sent 
him home loaded with a lot of good information that has been essential 
to our success. 

That it is the way we have gone about it that has made it successful 
to us. We havé helped one another; we have offered the operative ex- 
perience to other members of the surgical community. 

We offered courses. I would like to say that a weekend course in la- 
paroscopic cholecystectomy does not endow one with the ability to do 
a laparoscopic cholecystectomy. Rather the way to learn this is working 
with other surgeons who have experience in this particular procedure. 

_ One final question, and that is a much broader issue that was raised 
by Dr. Graves. What have we learned from all of this and where do we 
go from here? 

It is a short memory that can not recall gastric freezing, ligation, or 
the internal mammary artery for angina, and a few other very popular 
but short-lived procedures. This is here to stay and in the patois of the 
Southern Surgical Association, we could say that this is an elegant pro- 
cedure, because it is. 

It does have a dark side, however, because there have been some fallout 
of future shock effect on the average practicing surgeon who finds himself 
in the awkward position of needing to learn the procedure, which the 
public demands and which is of benefit to the patient. We are opening 
a whole new era here in intraoperative procedures. 

Laparoscopic cholecystectomy goes far beyond being a new way to 
take out the gallbladder. We have gained the ability—those of us who 
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experimented with the primitive peritoneal scope in the late 1940s end 
early 1950s can appreciate this to operate from outside the abdomen. 

The video camera and intraperitoneal lighting has had a tremendous 
impact, for now we can operate on the inside of the peritoneal cavity 
from the outside. Not only that but we can have multiple individrals 
participating in that operative procedure, and we ensure that everyone 
in the operating room knows the procedure. 

When your scrub nurse who has helped on 1000 gallbladders end 
handed you the proper instrument time after time but looks at you in 
amazement and says, “Gee, is that what’s been going on in that hole all 
these years?” you know you have turned a page in surgical history. And 
the potential for what will occur is the thing that we must direct our 
attention toward. 

It has the potential for a great deal of benefit for patients and a great 
deal of harm. And that new trunk that we are opening can be Pando-a’s 
Box or it can be a treasure chest, and it will take the leaders tn surgery 
to define what is and what isn’t. We must learn how to evaluate procedures 
quickly. We must disseminate that technical knowledge to our practidaing 
surgeons in the field. 

We are faced again with that same basic question. Not is this a pro- 
cedure that can be done, but is it a procedure that should be done and 
where? 


Dr. CARLOS CHAVEZ (Brownsville, Texas): I rise to inject a word of 
caution, in contrast to what has been said. In comparing orthodox cho- 
lecystectomy or open cholecystectomy with laparoscopic cholecystec- 
tomy, it seems that the main issue revolves around two main factors. 
The first is the length of postoperative hospital stay, and the second is 
the recovery after surgery. 

If we change our traditional attitude of dismissing our patients <fter 
3 or 4 days, or even after 6.1 days, as somebody mentioned, after surzery 
and offer them an early dismissal, then no significant difference would 
be apparent in these two approaches. 

The size of the incision may play a role in the postoperative recovery 
of the patients. When a mini-incision is made for the traditional cho- 
lecystectomy, then we should. expect a quick recovery similar to those 
patients undergoing laparoscopic cholecystectomy. 

General anesthesia is still necessary for both types of procedures, wnaich 
are still done in the operating room. In the last 5 months, Dr. Erwin 
and I performed 27 cholecystectomies, 22 of which had mini-incisions 
of 5 cm, that is, 2 inches long. One half of these patients had an incision 
that was 4 cm long. That is just a bit larger than the size of incision for 
a laparoscopic cholecystectomy. Four of these patients were men and 
18 were women. 

The longest incision in the whole group was 14 cm, and this was cone 
in a patient who weighed 256 pounds. In this patient, that size incision 
looked like a mini-incision. | 

In 20 patients operative cholangiograms were done. 

As you can see, the criteria for laparoscopic cholecystectomy are very 
rigid at this point. 

However, fora mini-cholecystectomy, all that is required is the standard 
equipment in the operating room a sterile rule to measure the leng-h of 
your incision, the head lamp, which is optional but helps to provide the 
good visual field, some clip appliers, and a little bit of patience. 

It is amazing the panic and euphoria among surgeons to jump into 
the bandwagon terrorized by referring physicians of patients who like to 
have laparoscopic procedures. 

It is commendable to look for new modalities in treatment, but it is 
also commendable, perhaps more so, to improve techniques or procecures 
we know have worked well. 


Dr. JEANNE F. BALLINGER (Closing discussion): I would like © re- 
spond to Dr. Voytes’ question about educating the ‘public about laser 
use. In our group we began with the laser but now strictly use electro- 
cautery, and we think it is important to educate the public that this is 
laparoscopic cholecystectomy and not laser cholecystectomy. 
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We always use in our group, as far as the disposable trochars, the 
radiolucent 5-mm trochar in the right upper outer quadrant for visual- 
ization through the cholangiogram. One of our members uses three non- 
disposable trochars. When we reviewed our cost in preparing this doc- 
ument, the other two members are considering using the nondisposable 
trochars as well, although there does seern to be more air leak sometimes, 
as mentioned, with the nondisposable trochats. 

I would like to differ with Dr. Voyles on the cholangiogram being the 
cause for the injury to the common duct in our series. In fact the surgeon 
thinks that ifthe cholangiogram had not been obtained, he might have 
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cut the common duct in half. We have not been as happy with cur 
success rate with cholangiograms and think the new technique of aspir- 
ating the bile and putting a needle into the neck of the gallbladder and 
under direct fluoroscopy watching the dye flow into the ducts may, in 
fact, enhance our definition of the anatomy. 

We think laparoscopic cholecystectomy is an exciting new addition 
to general surgery but have great respect and caution for the technique. 

As Dr. DeBakey stated in his presidential address, the most important 
person in all our endeavors is the patient. It is imperative that the safety 
of the patient be the primary concern in every case. 





Laparoscopic Cholecystectomy 
Treatment of Choice for Symptomatic Cholelithiasis 





BRUCE D. SCHIRMER, M.D., STEPHEN B. EDGE, M.D., JANET DIX, PA-C, MATTHEW J. HYSER, M.D., 


Our initial experience with laparoscopic cholecystectomy (LC) 
for symptomatic cholelithiasis has involved 152 patients. Patient 
age ranged from 17 to 83 years; most were female (78%). Their 
average weight was 170 pounds (range, 75 to 365 Ibs.). Twenty- 
two per cent had a single gallstone, while 9% had two to three 
stones and 64% had more than three stones. Exclusion criteria 
initially included upper abdominal scarring, severe acute cho- 
lecystitis, choledocholithiasis, and inability to tolerate general 
anesthesia. The first two of these are now only relative contrain- 
dications with increased experience. Thirteen of the one hundred 
fifty-two procedures (8.5%) required conversion to an open op- 
eration. Average time of operation was 138 minutes. Intraoper- 
ative cholangiography was attempted in 78% of cases and was 
completed successfully in 66% of those attempted. There have 
been no deaths. The complication rate has been low: 4% major, 
0% life-threatening, and 7.2% minor complications. Postoperative 
analgesic requirements are remarkably low: 36% of patients re- 
quired no narcotics after leaving the recovery room. Eighty-seven 
per cent of patients successfully undergoing LC were discharged 
by the first postoperative day. Most patients resumed normal 
activities within 1 week after discharge. Laparoscopic cholecys- 
tectomy offers the majority of patients with symptomatic cho- 
lelithiasis an improved treatment option, resulting in significantly 
less postoperative pain, hospitalization, and recuperation time. 


introduced in France in 1987 by DuBois et al.! 

Since then the procedure has created a tremen- 
dous amount of controversy and attention in the surgical 
community, especially in the United States since late 1989. 
Many biliary surgeons have either already introduced LC 
into their practice or sought opportunities to learn the 
procedure. There has been a rapid proliferation of training 
courses offered to teach the procedure, as well an excess 
demand on instrument companies for equipment. It is 
estimated that within the last 18 months the number of 
laparoscopic cholecystectomies done in the United States 
has increased from less than 500 to more than 20,000. In 
the Commonwealth of Virginia, for example, the first LC 
was done in February of 1990, and by November 1990 
we conservatively estimate that more than 600 LC pro- 
cedures were performed (personal communication). 


| APAROSCOPIC CHOLECYSTECTOMY (LC) was first 
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There have been few reports since that of Dubois doc- 
umenting the safety and efficacy of LC in the surgizal 
literature. Reddick and Olsen reported the first large series 
in this country.” Berci and Sackier* and Perissat* also re- 
cently reported their respective experiences, as has 
Zucker.” Recently a collected series of more than 1500 
cases of successful LC procedures from 20 different med- 
ical centers in the Southeastern United States has been 
submitted for publication in the literature.° Because more 
thorough reporting of results of LC at individual medical 
centers is needed, we report the experience at the Uni- 
versity of Virginia Health Sciences Center. 


Methods 


The experience in performing laparoscopic cholecys- 
tectomy at the University of Virginia began when two of 
the coauthors (BD Schirmer and SB Edge) underwent 
training in the procedure at a course taught by Drs. Airan, 
Ko, Berci, and Sackier in Chicago in January 1990. After 
appropriate training of a complete surgical team once back 
in Virginia, the first operation was performed on February 


- 23, 1990. It is important to emphasize the critical nature 


of the team approach to this procedure. All members of 
the team, including nursing personnel and operating room 
equipment technicians, should be fully versed in the op- 
eration and vagaries of the equipment used in the per- 
formance of LC. 

Using the techniques described below, 152 patients have 
undergone attempted LC. Indications for LC have in- 
cluded symptomatic cholelithiasis (145 cases), biliary 
dyskinesia with documented abnormalities of the gall- 
bladder on cholecystokinin stimulation test or via endo- 
scopic retrograde cholangiopancreatogram (ERCP) find- 
ings of crystals in the bile (3 cases), and acute acalculous 
cholecystitis (4 cases). Contraindications for LC are listed 
in Table 1. Initially patients with acute cholecystitis, upper 
or mid-abdominal scarring, or known choledocholithiasis 
were not considered for LC. However, with increasing 
experience, we now consider patients with the former two 
conditions to be candidates for LC. Those with choled- 
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TABLE 1. Laparoscopic Cholecystectomy 
Contraindications 


Absolute 

Inability to tolerate general anesthesia 

Required concomitant upper abdominal operation 
Relative 

Coagulopathy 

Upper abdominal scar 

Acute cholecystitis 

Choledocholithiasis 


ocholithiasis are potential candidates, if successful ERCP 
and sphincterotomy with preoperative common duct 
clearance can be achieved. Patients with asymptomatic 
gallstones are not deemed to be candidates for LC. 

The major items of equipment that are required for 
laparoscopy in general and LC in particular are listed in 
Table 2. Positioning of the equipment and the surgical 
team members are shown in Figure 1. There is flexibility 
as to which side of the patient the camera, light source, 
and insufflator are placed. Dual TV monitors are optimal 
but we routinely perform the procedure with a single 
monitor to the patient’s right. 

The procedure begins with the induction of general 
anesthesia, which has been used in all cases of LC. A 
Foley catheter and orogastric tube are placed to minimize 
the risk of injury from laparoscopy. The Veress needle is 
_ used to create a pneumoperitoneum, using standard tech- 


niques of laparoscopic insertion. Insertion into the um- 


bilicus or umbilical ring directly is optimal for Veress 
needle placement. Presence of a midline scar in the area 
of the umbilicus necessitates use of an alternate secondary 
site for Veress needle placement.’ The right lower quad- 
rant location is optimal in such situations; insertion of a 
5-mm telescope allows confirmation of a safe location 
near the. umbilical or midline area for 10-mm trocar and 
telescope insertion. The 10-mm telescope is needed to 
provide adequate light and visualization to proceed safely 
with LC. Generally we have used a 0 degree lens, but at 


times a 30 degree lens may offer advantages to better vi- — 


sualize the porta hepatis area. Another alternative in the 
case of periumbilical scarring is the use of a small incision 
into the fascia under direct vision and use of a Hasson 
cannula for the trocar. 


TABLE 2. Laparoscopic Cholecystectomy 
Equipment Needed 


Therapeutic laparoscopy set 
High-flow insufflator 
Video camera 
_Two monitors 
Goad light source 
Special biliary instruments 
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Fic. |. Position of the operating team and major items of equipment 
during laparoscopic cholecystectomy. 


The pneumoperitoneum is established carefully using 
CO, gas and diagnostic laparoscopy is performed. The 
secondary trocars are placed under direct laparoscopic 
vision. Recommended locations for these trocars are il- 
lustrated in Figure 2. Trocar locations may have to 
be varied based on patients body habitus or particular 
anatomy. 

Exposure of the gallbladder is achieved through use of 
two 5-mm grasping forceps. The first, which ideally should 
be ratcheted for subsequent ease of fixation, is inserted 
through the lower lateral trocar and used to retract the 
fundus of the gallbladder upward toward the diaphragm. 
This allows exposure of the infundibulum area of the gall- 
bladder. Use of the reverse Trendelenberg position, and, 
sometimes, rotation of the operating table to the patient’s 
left (toward the surgeon) can be helpful. A second 5-mm 
grasping forceps is used to elevate the infundibulum of 
the gallbladder in a dynamic fashion, allowing optimal 
exposure of the triangle of Callot through rotation and 
upward traction (Fig. 3). 

Dissection of the peritoneum overlying the cystic duct 
and artery then begins, assuming any omental adhesions 
to the anterior surface of the gallbladder have been taken 
down using the grasping forceps, scissors, and cautery as 
necessary. Some of the instruments used in the operation 
are illustrated in Figure 4. In dissecting the cystic duct 
and artery free from their surrounding peritoneum and 
fat, either the scissors, spatula, or hook instruments are 
helpful. All are available with insulated shafts and con- 
nectors to allow use of monopolar cautery during dissec- 
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Fic. 2. Location of trocar sites during routine laparoscopic cholecystec- 
tomy and the instruments used at each site. 


tion. In addition the hook and spatula instruments, avail- 
able from Karl Storz Inc. (Culver City. CA), are designed 
with irrigation or suction ports built into the instrument. 

Once cystic artery and duct are identified, we address 
the most superficial structure first. Figure 5 illustrates dis- 
section of the porta hepatis, clipping of the cystic artery, 
isolation of the cystic duct, and placement of a titanium 
clip on the cystic duct. Use of the Auto Suture automatic 
multifire endoclip applier (U.S. Surgical Corp., Norwalk, 
CT) avoids the need for reintroduction through the trocar 
for multiple-clip application. 

Intraoperative cholangiography 1s recommended, par- 
ticularly early in the surgeons’s experience with LC, when 
orientation and identification of the anatomy may be 
more uncertain. The microscissors are used to cut a hole 
in the cystic duct just below the clip, The Olsen cholan- 
giography fixation clamp (Karl Storz) facilitates cannu- 
lation of the cystic duct with a catheter (Fig. 6). In our 
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Fic. 3. Standard four-trocar technique of laparoscopic cholecystectomy 
and exposure of the triangle of Callot. 
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Fic. 4. Working ends of many of the instruments used in laparoscopic 
cholecystectomy. 


experience a 6F straight ureteral dilator with a single erd 
hole is most useful. Cannulation of the cvstic duct is most 
easily performed from the fourth (midclavicular) trocar. 
There may be difficulty in performing cannulation of the 
cystic duct due to size limitations and interference from 
the spiral valves of Heister. A flexible guidewire may be 
helpful in such cases. 

Once cholangiography is accomplished or the decisicn 
to forgo it is made and the anatomy clearly defined, the 
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FIG. 5A-D. (A) Dissection in the area of the cystic duct and artery to 
define these structures. (B) Placement of clips on the cystic artery. (C) 
Further isolation and dissection of the cystic duct with the hook instru- 
ment after having divided the cystic artery. (D) Placement of a single 
clip on the proximal cystic artery. 
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Fic. 6A-C. (A) Microscissors used to cut an opening in the cystic duct. 
(B) Insertion of the cholangiocatheter passed through the cholangiogram 
clamp for the performance of intraoperative cholangiography. (C) Chol- 
angiogram catheter in position in the biliary tree, held securely in place 
with the clamp. 


cystic duct is divided between clips, two on the proximal 
(patient) side and one on the distal (specimen) side. The 
gallbladder is again grasped by the infundibulum and el- 
evated to allow optimum exposure for dissection off the 
liver bed. Should a rent be made in the gallbladder from 
too vigorous a retraction or the presence of friable tissue, 
a tie (endoloop) is useful for securing the hole closed and 
providing an area of tissue relatively safe for further re- 
traction (Fig. 7). Dissection of the gallbladder off the liver 
bed is in particular facilitated by coordinated efforts of 
the surgeon and assistant in terms of exposure, traction, 
and countertraction. Our experience has involved only 
the use of monopolar cautery for this portion of the op- 
eration, although others have advocated use of a laser for 
this dissection.” When the gallbladder dissection is nearly 
completed, the liver bed and porta hepatis once more are 
inspected carefully for any signs of hemorrhage and to 
ensure that the clips remain securely in place. Cauteriza- 
tion, irrigation, and suctioning are performed as necessary 
to achieve a hemostatic liver bed. The final strands of 
peritoneum attaching the gallbladder to the liver bed then 
are divided. 

Removal of the gallbladder usually is done through the 
umbilical trocar site. This provides the flexibility of most 
easily extending the usual 10-mm incision in the perium- 
bilical area, as is frequently necessary for gallbladders 
containing multiple or large stones. The telescope is re- 
positioned through the epigastric trocar site and a large 
or traumatic grasping forceps is used to retract the infun- 
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Fic. 7A-C. (A) Use of an endoloop to control bile spillage from a hole 
in the wall of the gallbladder. Endoloog is inserted and grasping forceps 
passed through the loop. (B) Plastic passer is used to cinch the knot down 
around the forceps, which have grasped the gallbladder wall at the site 
of the hole. The tie is then cut and the area of tissue may be used as an 
area for retraction with relative safety. (C) Elevation of the infundibulum 
area of the gallbladder assists in exposure for dissection of the gallbladder 
off the liver bed, done here using the hook instrument for dissection. 


dibulum area of the gallbladder into the 10-mm trocar 
(Fig. 8). The entire trocar is pulled out through the ab- 
dominal wall, suspending the gallbladder through the ab- 
dominal wall. Allis clamps grasp the portion of the gall- 
bladder above the skin and prevent retraction while the 
grasping forceps and trocar are removed. A small opening 
cut in the cystic duct area allows aspiration of all bile 
from the gallbladder. Enlargement of the incision is per- 
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FIG. 8A—C. (A) Extraction of the gallbladder begins by using a large 
grasping forceps passed through the umbilical trocar to grasp the infun- 
dibulum of the gallbladder. The gallbladder is pulled partially into the 
trocar and the trocar retracted. (B) Bile is aspirated from the gallbladder 
after it is partially removed and the infundibulum is exposed above the 
skin level. (C) Extraction of the decompressed gallbladder. 
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formed only as needed to allow the removal of the intact 
gallbladder using gentle to moderate traction. 

After gallbladder removal, a finger is placed through 
the umbilical trocar site to preserve the pneumoperito- 
neum adequately enough to visualize removal of the re- 
maining two 5-mm trocars. Peritoneal sites are inspected 
for hemostasis after trocar removal. Finally the telescope 
is removed and the pneumoperitoneum decompressed. 

Infiltration of the trocar sites with 0.5% bipuvicaine 
aids in postoperative analgesia. If possible we close the 
fascia of the 10-mm sites with an absorbable 0 or 2-0 
suture. Skin sites are closed with running or interrupted 
subcuticular absorbable suture and sterile dressings are 
applied. 

It has been our practice to use intravenous antibiotic 
prophylaxis for LC procedures. Also sequential compres- 
sion devices for the lower extremities as well as subcuta- 
neous heparin are recommended as prophylaxis against 
deep-vein thrombosis. 

There are several particular safety precautions that 
should be stressed during LC procedures. As with all lapa- 
roscopic procedures, the anesthesiologist should have the 
capacity to monitor end-tidal CO, content because a sharp 
increase in this value during the case signals either sub- 
cutaneous emphysema with massive CO, absorption or 
CO, embolism into the vascular system. The pH level 
may decrease but appropriate treatment is hyperventila- 
tion. Intravenous sodium bicarbonate should be avoided 
in these circumstances. 

Cardiac monitoring is imperative during laparoscopy 
because the creation of a pneumoperitoneum has a known 
low but real incidence of inducing arrhythmias. Imme- 
diate treatment includes decompression of the pneumo- 
peritoneum. 

Monopolar cautery has the inherent danger of skin 
burns, and thus grounding pads should be checked for 
secure placement. The fiberoptic light source produces a 
significant amount of heat, and the cable tip can ignite 
the drapes in a matter of seconds if allowed to come in 
unprotected contact with them while the light source is 
on. Similarly the tip of the telescope is a source of heat 
and care must be taken that it is not inadvertently in 
contact with an intra-abdominal organ for any significant 
length of time. 

Using these operative techniques, LC was performed 
in 152 cases. At least one coauthor faculty member was 
involved in all cases. Resident participation occurred in 
all but the first few LC procedures. Patient data was re- 
corded at the time of discharge and follow-up visits and 
stored in a computer data base program. Parameters in- 
cluded sex, age, weight, surgeon, number of gallstones, 
presence of abnormalities in preoperative liver function 
tests, American Society of Anesthesiology (ASA) class,® 
length of operation, performance of intraoperative chol- 
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angiography, use of drains, presence of adhesions or acuze 
inflammation, success in completing LC, length of post- 
operative hospitalization, postoperative use of pain med- 
ications, and adverse events or complications. Operative 
death is defined as a death occurring within 30 days of 
operation or later if directly resulting from the sequelae 
of surgery. Major complications are defined as those events 
resulting in a prolongation of hospital stay or readmission 
to the hospital. Patient data below, where appropriate, are 
expressed as mean + SEM. Statistical analysis was per- 
formed using either one-way analysis of variance for 
comparison, Chi square for assessing significance of ob- 
served versus expected values, or linear regression for ccr- 
relation as appropriate. Significance was defined as p 
< 0.05. 


Results 

Of the 152 patients undergoing LC, 118 were femele 
(78%) and 34 were male (22%). Ages ranged from 17 to 
83 years, with an average age of 43.2 + 1.2 years. Average 
weight was 170.3 + 3.8 pounds with a range of 75 to 355 
pounds. Of the 152 patients, 143 had the diagnosis of 
cholelithiasis made before operation by ultrasound, while 
one patient each was diagnosed as having cholelithiasis 
by plain film and oral cholecystogram (OCG), respectively. - 
Two patients had biliary dyskinesia with diagnostic ab- 
normalities of gallbladder emptying by OCG. One patient 
had pancreatitis and ERCP showing stones, which were 
evacuated before operation. Four patients had either acute 
or chronic acalculous cholecystitis with preoperative ‘1l- 
trasound or radionuclide scan to confirm the clinical pic- 
ture. 

Thirty-four patients (22.4%) had a single gallstone 
present by preoperative testing. Fourteen (9.2%) had either 
two or three stones, while most patients (63.8%) had more 
than three stones within the gallbladder. Pathologic ex- 
amination revealed no carcinoma of the gallbladder. One 
case of adenomyoma of the gallbladder was diagnosed 
pathologically. 

Four patients (2.6%) had a documented episode of 
jaundice before operation. Eight (5.3%) had a documented 
episode of pancreatitis before performance of LC. Thirty 
patients (19.7%) had abnormalities of one or more pre- 
operative liver function tests. Laparoscopic cholecystzc- 
tomy was not attempted in the setting of ascending chol- 
angitis or clinical jaundice and concurrent signs of in- 
flammation of the gallbladder. 

Patients were classified before operation by ASA 
classification® (Table 3). Most patients were in the ASA 
class I (46, or 30.3%) or II (88, or 57.9%) categories, but 
18 (11.8%) were ASA class III. 


Operative Time 


Operative time (from time of incision for Veress needle 
placement to time of dressing) was an average of 138 + 4 
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TABLE 3. Influences of Increasing Experience on Operative Time 





First Half of Cases 





Second Half of Cases All Cases 
, OR Time OR Time OR Time . 
Suregon Success (min) n (min) n (min) n 
l Successful 
LC only 123+ 5 39 IZi+ 6 40 P22. 4 79 
All 130+ 6 43 124+ 7 43 129+ 4 86 
2 Successful | 
LC only IS1 + 11 18 126 + 11 19 138+ 8 37 
All 150 + 10 20 127+ 10 20 138+ 7 40 
3 Successful 
LC only 162 + 13 8 150 + 13 7 156+ 9 15 
All 173 a} 9 172 + 23 8 172414 17 
4 Successful l 
LC only 1534 13 4 140+ 9 4 145+ 9 8 
All 160 + 12 140+ 9 4 150 + 10 9 





LC, laparoscopic cholecystectomy; OR, operating room. 


minutes. The range was 52 to 320 minutes (Fig. 9). Thirty 
operations took 100 minutes or less. The longest case ac- 
tually took longer but a time estimate was established for 
the attempted LC, conversion to open cholecystectomy, 
and common duct exploration. Subsequent duodenotomy 
and sphincteroplasty were required for a stone impacted 
in the ampulla of Vater. Thirteen cases required more 
than 200 minutes. In six of these, LC was converted to 
open cholecystectomy. Of the other seven, one represented 
a surgeon’s first case, and one had significant delays due 
to multiple cholangiograms required due to failure of dye 
to empty into the duodenum. Acute cholecystitis (two 
cases) and severe adhesions and scarring (two cases) were 
other causes that delayed operations beyond 200 minutes. 

The data were analyzed to determine whether intra- 
operative cholangiography had a significant impact on 
the length of operative time. These data are summarized 
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Fic. 9. Distribution of all operations by length of operative time. Most 
operations took between 101 and 150 minutes. 


in Figure 10. When all procedures were considered, there 
was a Significant difference (p < 0.002) between operative 
time for cases in which a cholangiogram was completed 
(n = 79) compared to those cases in which it was just 
attempted (n = 40) or not attempted (n = 33). When 
successfully completed LC procedures alone were ana- 
lyzed, there was still a significant difference (p < 0.004) 
between the group in which cholangiography was com- 
pleted (hn = 70) compared to groups in which it was only 
attempted (n = 39) or not attempted (n = 30). 

Other factors were analyzed as to their effect on oper- 


ative time. To determine the influence of increasing op- 


erative experience on LC operative time, cases were 
grouped according to the primary surgeon involved. Table 
3 shows the data when the first half of each surgeon’s 
experience was compared to the last half. None of the 
surgeons showed a significant decrease in operative time 
with increasing experience, including surgeon 2 (p = 0.13). 
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Fic. 10. Graph showing the length of time required for operations in 
which an intraoperative cholangiogram (IOC) was not attempted, at- 
tempted but not completed, and completed. * Denotes p value less than 
0.05 in comparing the completed to the other two groups for both all 
operations and for successful LC cases only. 
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These comparisons held true when analysis was confined 
to successfully completed LC cases as well. 

There was a significant difference between the average 
operative time for the surgeon with the most experience 
when compared to the other surgeons with less experience, 
when successful LC cases alone were analyzed (p 
= 0.0007) and all cases were compared (p = 0.003). There 
also was a significant difference between the two surgeons 
with the most operative experience when compared to 
the two with the least operative experience when either 
all cases (p = 0.007) or successful LC cases only (p 
= 0.016) were compared. One of the least experienced 
surgeons did have significantly differently longer operating 
times compared to the group as a whole for all cases (p 
= 0.008) and successful LC cases (p = 0.035). 

Figure 11 shows regression analysis between operative 
time and number of LC cases using each surgeon’s ex- 
perience as a data point. There was not a significant cor- 
relation between individual surgeon’s experience and 
length of operative time by regression analysis (p = .104). 

Acute cholecystitis and edema of the gallbladder were 
present in 12 of the cases in which LC was attempted. 
The mean operative time for this subset of procedures 
was 180 + 13 minutes, significantly longer than the av- 
erage for those patients without acute cholecystitis (134 
+ 4 minutes, p < 0.0006). Patients with preoperative ele- 
vation of liver function tests (n = 30) similarly had a 
significantly. increased average duration of operation (162 
+ 8 minutes) compared to those with normal preoperative 
liver function tests (132 + 4 minutes, p < 0.0012). 

Patients in whom no significant adhesions or scarring 
were noted around the gallbladder at the time of surgery 
had a significantly decreased mean operative time (116 
+ 6 minutes, n = 55) when compared to the patients with 
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Fic. 11. Graph of the correlation of operative time by each surgeon’s 


experience. There was no significant correlation between data points by 
regression analysis (p = 0.10). 
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these findings at the time of surgery (150 + 4 minutes, p 
< 0.0001). | 


Morbidity and Mortality Rates 


There were no operative deaths in our series of LC 
procedures. Major complications numbered six, for an 
overall rate of 3.95%. One patient, the 31st in our series, 
suffered a laceration of the side of the common bile duct 
during dissection of a cystic duct lying immediately in 
front of the unidentified common duct. The injury was 
easily seen when the cystic duct was divided and the pro- 
cedure was converted to an open operation with place- 
ment of a T tube into the injury site. The patient made 
an uneventful recovery and has done well for more than 
6 months. There have been no other major complications 
directly as a result of intraoperative events. 

One patient was readmitted 2 days after discharge with 
a clinical diagnosis of probable bile peritonitis. During 
the patient’s operation, there was no major spill of bile. 
Two other patients were readmitted to the hospital with 
abdominal pain after discharge. One had a diagnostic 
esophagogastroduodenoscopy that showed an active duo- 
denal ulcer. A second had simultaneous elevation of liver 
function tests on admission, but bilirubin levels were nor- 
mal and follow-up ultrasound examinations showed no 
evidence of biliary obstruction. In this case it is presumed 
symptoms resulted from passage of a small common duct 
stone in the immediate postoperative period. 

One patient was readmitted 24 hours after discharge 
with a fever. This subsided within 12 hours and he was 
hospitalized for only 1 day. The other major complication 
involved a woman with multiple medical problems, in- 
cluding renal failure, who was on hemodialysis. At the 
time of her successful LC procedure she had acute cko- 
lecystitis. Postoperative hospitalization was prolonged and 
she continued to complain of severe abdominal pain. Fi- 
nally 2 weeks after her LC procedure she underwent ex- 
ploratory laparotomy for the persistent pain. There was 
no significant intra-abdominal disease found at the time 
of exploration. 

Minor complications or adverse events numbered 11, 
for an incidence of 7.2%. Five patients had a single wound 
site that developed infection after operation. This was 
usually the umbilical trocar site. All were treated with 
local care with or without oral antibiotics. 

Two patients developed intraoperative subcutaneous 
emphysema. These were the only complications noted to 
result directly from laparoscopy. In both instances the 
finding was diagnosed by elevations in end tidal CO; levels 
with accompanying palpable crepitus in subcutaneous 
tissues. In both instances successful completion of LC was 
possible and both patients recovered fully after a period 
of several hours of observation in the recovery room. 

One patient developed a postoperative transient isch- 
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emic attack consisting of left facial nerve involvement. 
This resolved campletely by the next day. One patient 
developed postoperative mild pulmonary edema that re- 
sponded to appropriate diuretic therapy. Two patients 
developed intraoperative or immediate postoperative 
electrocardiographic (EKG) changes. Both were evaluated 
for perioperative myocardial infarction and both were 
ruled out by enzyme and follow-up EKG criteria. 


Success of Laparoscopic Cholecystectomy 


Laparoscopic cholecystectomy was completed success- 
fully in 139 of 152 attempts in this series (91.5%). One 
obvious factor that contributed to a high rate of conversion 
to open cholecystectomy was acute cholecystitis. Five of 
the 13 conversions in the series were in patients with acute 
cholecystitis. Conversion to open cholecystectomy oc- 
curred in 5 of 12 patients with acute cholecystitis, or 41.7% 
of such cases. This conversion rate is significantly greater 
than would be expected based on the opening rate of the 
series overall (x* = 18.18, df = 1, p < 0.001). 

Problems with the bile ducts resulted in conversion of 
two procedures to open laparotomies. The common bile 
duct injury was discussed above. In another patient the 
cystic duct was so short that clip occlusion was incomplete 
and a small bile leak could be seen. The cystic duct stump 
was sutured closed after conversion to an open procedure. 

Intraoperative hemorrhage accounted for three con- 
versions to open procedures. In one patient the hemor- 
rhage was from the cystic artery stump, which could not 
be well controlled using laparoscopic means. In two others 
the liver bed was so scarred that significant intraoperative 
hemorrhage occurred. 

One conversion to open cholecystectomy was done after 
the gallbladder tore and a significant number of stones 
and much bile spilled into the subhepatic space. Two other 
conversions to an open technique resulted from the dis- 
covery of choledocholithiasis during intraoperative chol- 
angiography. 

Preoperative factors that contributed independently to 
a Significantly increased risk of conversion to open cho- 
lecystectomy included the presence of acute cholecystitis. 
Elevated preoperative liver function tests did not increase 
the nsk of conversion to open cholecystectomy, nor did 
a body weight of more than 200 pounds. There was no 
significant difference between the rate of open cholecys- 
tectomy between surgeons. Patients classified before op- 
eration as ASA III did not have a significantly increased 
incidence of conversion to open cholecystectomy. 


Postoperative Recovery 


Most patients were discharged from the hospital on the 
first postoperative day if they had undergone successful 
completion of LC (Fig. 12). This group of 139 patients 
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Fic. 12. Patient distribution according to the number of postoperative 
days before discharge. The significant difference in the distribution be- 
tween patients undergoing successful LC and those undergoing conversicn 
to open cholecystectomy can be seen clearly. 


had an average postoperative stay of 1.28 + 0.11 days. 
This included two patients discharged the day of opera- 
tion. There were 13 patients discharged 2 days after sur- 
gery, many of whom were judged before operation to be 
ASA classes II(6) or II(3). One patient (ASA class II) 
stayed 3 days. Two patients (ASA classes II and III) stayed 
4 days. One of the latter required ERCP after operation 
to evaluate persistent nonfilling of the duodenum by in- 
traoperative cholangiography. The ERCP was normal. 
The second patient had postoperative dyspnea, mild pul- 
monary edema, and abdominal pain that took several days 
to resolve. One patient with severe von Willebrand’s dis- 
ease was hospitalized for 8 days after the LC procedure 
for cryoprecipitate therapy (no intraoperative bleeding). 
One patient, classified as ASA III, had persistent post- 
operative abdominal pain that eventually led to a lapa- 
rotomy, as discussed above. Three of the five patients re- 
quiring more than 2 days hospitalization after successful 
LC were preoperative ASA class IH, which was a signifi- 
cant independent risk factor. 

Patients who underwent conversion to an open cho- 
lecystectomy had a significantly longer postoperative hos- 
pital stay (5.15 + 0.42 days) than patients who had suc- 
cessful completion of LC (1.28 + 0.13 days, p < 0.0001). 
In this group there were 3 patients discharged 3 days after 
operation, 5 on postoperative day 4 and 2 on postoperative 
day 5. One patient with cerebral palsy had persistent post- 
operative vomiting after open cholecystectomy. After rul- 
ing out mechanical obstruction, he was discharged on the 
14th postoperative day. One patient requiring open com- 
mon bile duct exploration with duodenostomy and 
sphincteroplasty was discharged on the eighth postoper- 
ative day. One patient with multiple medical problems 
(ASA class IIT) had acute cholecystitis and required 6 days 
to recover from her operation. 
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Postoperative use of pain medication was recorded in 
this series. As shown in Table 4, 36% of patients under- 
going successful LC did not require any narcotic anal- 
gesics, either oral or parenteral, after being discharged 
from the recovery room. Recovery room time was usually 
less than 2 hours following the operation. An additional 
25% of patients took only oral narcotic medication. The 
group of patients who required intravenous narcotic 
medication for analgesia rarely used more than 6 to 8 mg 
of morphine or the equivalent. All patients who underwent 
conversion to open cholecystectomy required intravenous 
narcotic medication. Eleven of the thirteen used patient- 
controlled analgesia pumps for 2 or more days after op- 
eration. 


Discussion 


Shortly after Langenbuch performed the first successful 
cholecystectomy in 1882,’ this procedure became the 
treatment of choice for symptomatic cholelithiasis. The 
last 100 years have seen few advances in the actual ap- 
proach and conduct of cholecystectomy but have been 
marked by increasingly safe and efficient conduct of the 
procedure. Data from New York Hospital/Cornell Med- 
ical Center showed that the mortality rate for elective 
cholecystectomy in a large series of patients from 1978 
to 1984 was 0.2%, which is decreased from an already 
low figure of 0.6% for the preceding 50 years.” It is against 
this standard of safety that all other innovations in the 
surgical treatment of cholelithiasis must be compared. 
Because our series numbers only 152 patients, final con- 
clusions based on expected versus observed deaths for LC 
are not possible. However, because there have been no 
operative deaths in our series, and because our series has 
included operations on patients with significant medical 
problems (18 patients were ASA class IID) as well as elderly 
patients (9 patients were 70 years or older), we conclude 
that to date there is no reason to suspect laparoscopic 
cholecystectomy will not prove as safe as standard open 
cholecystectomy. 

Morbidity for elective open cholecystectomy is thought 
to be about 3% to 5%.'° Our data show a comparable 4% 
rate of significant complications for LC. The consequences 
of most of the major complications in this series were not 
severe. Four of the complications involved readmission 
to the hospital and all of these patients did well with gen- 
erally conservative therapy and observation. Intravenous 
antibiotics were given to only one patient in this group. 
One patient required an upper endoscopy to confirm an 


TABLE 4. Postoperative Pain Medications After Recovery Room 


Parenteral Narcotics Oral Narcotics Only No Narcotics 


39% 25% 36% 
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active duodenal ulcer, but no other patients in this grcup 
required invasive procedures. One other patient did un- 
dergo reoperation, and it was confirmed from the negative 
findings at open laparotomy that her persistent abdominal 
pain and probably also her lack of expected recovery fol- 
lowing LC were due to her other significant active major 
medical problems. 

There was one common bile duct injury in this ser-es. 
This occurred during scissors dissection of the cystic duct. 
The injury was recognized immediately after division of 
the cystic duct, because only then could the common duct 
with its lateral laceration be seen clearly with the telescape. 
This case emphasizes that LC is a procedure with which 
visual feedback of surgical movements is essential end 
dissection without clear visualization behind a structure 
can result in such a complication. 

The incidence of bile duct injury in the series was 0.66%, 
which is probably higher than the expected rate of such 
a problem for open cholecystectomy. The latter is gan- 
erally thought to be between 0.2% and 0.25%, but may 
be higher.!!-!? Criticism of laparoscopic cholecystectomy 
from the surgical community has included the concern 
that bile duct injuries may become significantly increased 
with the procedure. It is possible that early in each sur- 
geon’s use of LC there will be an increased risk of bile 
duct injuries. Whether this risk translates into a significant 
problem with bile duct strictures and patients with long- 
term sequelae of bile duct injuries remains to be seen. 
However, based on our data, it would seem unlikely that 
this situation will occur because the only injury was easily 
recognized, appropriately treated, and resulted in no long- 
term sequelae as of this time. 

The safe propagation of performance of LC in the 
months ahead is important if the procedure is not to fall 
into disfavor from an increased incidence of complications 
when compared to open cholecystectomy. To insure 
such safe propagation of LC, the guidelines outlined by 
the Society of American Gastrointestinal Endoscapic 
Surgeons'* are one standard that we think is appropriate. 
These include recommendations for a working familiazity 
and competence with diagnostic laparoscopy by the biliary 
surgeon before any attempt to perform LC. 

There is no place for the performance of LC by any 
persons other than appropriately trained and experienzed 
biliary surgeons or those undergoing a full-time training 
program to obtain such skills. Lack of adherence to this 
principle by the medical community will almost certainly 
result in a sharp increase in complication rates and would 
have no basis in terms of the accepted standard of surg:cal 
care for cholelithiasis. 

An adequate training course in LC, including an ade- 
quate hands-on experience in a laboratory setting, also is 
essential for the safe initiation of LC into the practice of 
the surgeon who has no access to a teaching setting such 
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as is available to a surgical resident. In addition initial 
proctoring is advisable for all surgeons beginning LC, both 
for safety and quality assurance. It is the responsibility of 
the academic surgical community, when possible, to offer 
adequate training courses in LC for surgeons working in 
other hospitals. We have trained 34 surgeons from other 
hospitals to date and will continue such programs as local 
need dictates. 

At our medical center we have safely trained several 
residents (nine to date) without the use ofa full laboratory 
training course before participating in an assisting role in 
the operating suite. A period of apprenticeship as an as- 
sistant is required until skill in performing the manipu- 
lation of laparoscopic instruments is achieved. As learning 
curves vary from individual to individual, the use of a 
fixed number of cases to define such skill is not as useful 
as the assumption of responsibility on the part of the ex- 
perienced surgeon in determining when the performance 
of increasing portions of any LC procedure can be per- 
formed safely by an assistant still in the learning phase of 
the LC procedure. 

From the first assistant position, the instructing surgeon 
skilled in LC can significantly aid the adequately appren- 
ticed surgeon in his or her initial LC procedures, The first 
assistant inserts the catheter for cholangiography and is 
responsible for the critical exposure of the triangle of Callot 
or the gallbladder bed as necessary. The video monitor 
also is an excellent device to assist in teaching because 
the field of visualization is the same for all participants 
during LC. Through the use of these teaching principles, 
we have successfully incorporated resident training in LC 
into the practice of the procedure at our medical center. 
In the community hospital setting, where such training is 
not possible, there will by necessity need to be greater 
cooperation between surgeons experienced in LC and 
those still on their ‘learning curves’ if significant compli- 
cations are to be avoided. Such cooperation also may be 
advantageous in terms of the increased number of skilled 
personnel required to perform LC and may become a 
permanent arrangement for such reasons even after both 
surgeons have become skilled at performing LC. Use of 
such means of teaching would certainly be more cost- 
effective for the general surgeon in practice. 

Laparoscopic cholecystectomy holds several significant 
advantages over open cholecystectomy. The procedure 
addresses most of the major objections patients voice when 
considering a surgical approach for cholelithiasis. Patients 
are concerned for their safety, and this has been discussed. 
Other important concerns include postoperative pain, 
postoperative recovery, and time lost from work and daily 
activities. In addition some patients object to the unaes- 
thetic aspects of a large abdominal scar. Before LC the 
surgical community had begun to address these concerns 
through the use of minicholecystectomy'* and discharge 
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from the hospital within 24 hours after elective cholecys- 
tectomy.'° However, despite these measures, patients still 
had a significant amount of pain and a lengthy recovery 
time before full activities could be resumed. In addition 
such measures have not been applied broadly at all insti- 
tutions because data show that the average hospital stay 
in the United States in 1988 for treatment of cholelithiasis 
or its sequelae was 6.1 days.!” 

Laparoscopic cholecystectomy offers the potential to 
decrease significantly postoperative length of stay after 
cholecystectomy, as shown by our data. In addition it also 
probably will allow a more rapid return to work for most 
patients. Actual data on return to full activities or work 
were not obtained uniformly in our series. Patients were 
seen in follow-up | to 3 weeks after surgery, and in no 
case was there an inability to return to normal daily ac- 
tivities within 2 weeks after successful LC. The vast ma- 
jority of patients reported feeling ‘normal’ by 1 week after 
surgery. Many had resumed their job activities within 3 
to 4 days after surgery, and in some instances even more 
rapidly. The objective data of the remarkably low pain 
medication requirements for patients undergoing LC 
confirms these reports. | 

Based on the decreased length of postoperative hospi- 
talization, hospital costs to patients undergoing LC should 
be lower. This is of no small significance in an era of 
mounting concern about increasing healthcare costs. 

Other than the potential for an increased incidence cf 
bile duct injuries and complications, LC does have a few 
inherent disadvantages from some surgeons’ points cf 
view. Optimally the procedure requires three skilled pec- 
ple to perform it well. A skilled surgeon, assistant, and 
camera operator are all important to the success of the 
procedure. Maintaining the availability of such a large 
team may be difficult for the individual surgeon in a com- 
munity hospital setting. 

Economic considerations in terms of start-up costs for 
LC also may pose a problem for smaller hospitals or sur- 
gical groups. It is estimated that a full set of equipment 
to perform LC currently costs a minimum of $35,000.00 
to $40,000.00. Such large initial expenses may overburden 
hospital budgets. Procurement of such equipment may 
force hospitals to increase technical charges for the use of 
such equipment to recover initial outlay costs, which could 
lessen the potential savings from the procedure. The excess 
demand and limited supply of such equipment has not 
created any significant competition among suppliers and 
decreases in equipment costs are unlikely until such an 
economic situation occurs. 

No laser of any type has been used in our LC experience 
to date. Our data demonstrate that monopolar cautery 
has proved safe and effective in allowing dissection of the 
gallbladder from the liver bed during LC. Its use is simpler 
and safer in the setting of training residents to perform 
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LC. The additional expense of using a laser for LC, both 
in terms of the initial outlay costs and subsequent user 
fees that would be charged to each patient, are not justified. 
Elimination of the routine use of lasers in LC procedures 
could decrease costs and prevent what may be an overuse 
of highly expensive technology. i 

Increased operating time is a potential criticism of LC. 
Our data clearly show that the use of intraoperative chol- 
angiography significantly lengthens operative time. This 
finding is not surprising because the same is true for open 
cholecystectomy. There have been many articles in the 
literature on the merits of routine versus selective chol- 
angiography. Our data do not address this issue other than 
to confirm the increased operative time. Generally we have 
used or attempted intraoperative cholangiography. Our 
reasons for doing so include the additional margin of safety 
the cholangiogram may give in confirming the biliary duct 
anatomy. The length of the cystic duct present and avail- 
able for the placement of clips is useful information ob- 
tained from the cholangiogram. In addition the benefits 
of teaching our residents the ability to perform intra- 
operative cholangiography during LC are significant and 
not to be ignored. Intraoperative cholangiography prob- 
ably should be included routinely as part of LC early in 
each surgeon’s experience until this aspect of the operation 
is well mastered and until enough familiarity with LC has 
occurred to allow reliable methods of identification of the 
necessary anatomic structures for safe cholecystectomy. 

Our data were analyzed as to the effect of increasing 
experience with LC on operative time. It was expected 
that increasing experience might result in faster conduct 
of the procedure, but in no surgeon’s individual series was 
the second half of his experience significantly faster. Only 
one surgeon’s second half experience was even close to 
achieving statistical significance, but the probability value 
was 0.13. In addition there was not a significant decrease 
in operating time with increasing experience when the 
series as a whole was compared using each surgeon’s ex- 
perience as a data point. The data suggested a pattern 
of such a possibility, but again the probability value was 
only 0.10. 

Several explanations exist as to why there was no cor- 
relation seen between increasing experience and decreas- 
ing operating time. The regression analysis had only four 
data points and this low number may have contributed 
to the lack of statistical significance. In addition another 
probable explanation for these findings are that in virtually 
all, except the first few, cases in the series, the operating 
team for LC procedure was periodically undergoing 
change. A total of nine residents were involved sufficiently 
in the series to have received enough training to have a 
basis for performing LC in the future. The constant ne- 
cessity to train new team members, the incorporation of 
two attending surgeons into the series with their learning 
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curves, and the above-mentioned tendency to favor in- 
traoperative cholangiography may all have been factors 
influencing the length of operative time. 

Other factors that were shown clearly to influence the 
length of operative time included the presence of acute 
cholecystitis and the presence of preoperative elevation 
in liver function tests. Clearly the acute gallbladder is more 
difficult to remove than the uninflamed one, using ny 
operative approach, so this finding is not surprising. Pre- 
operative increases in liver function tests probably indi- 
cated increased severity of disease, with increased adie- 
sions, scarring, or manifestations of either mild acute or 
chronic cholecystitis. The group of patients who were 
noted to not have any significant adhesions to the gall- 
bladder or chronic scarring had, as would be expectec, a 
significantly shorter operative time than did those with 
adhesions or scarring. 

Criteria for patient selection for LC are still under eval- 
uation. Initial reports suggested that the procedure should 
be avoided in obese patients, but we found no significant 
increase in the incidence of conversion to open cholecys- 
tectomy in those patients weighing more than 200 pounds. 
Similarly coagulopathy, a contraindication in some pre- 
liminary reports on LC,’ has proved not to be an absolute 
contraindication in our series, as demonstrated by the 
successful performance of LC for a patient with severe 
von Willebrand’s disease. Upper abdominal scars end 
scars near the umbilicus were intimidating initially. How- 
ever, with increased experience, it is now routine to assess 
the adhesions and scarring within the peritoneal cavity 
before abandoning the possibility of performing LC. 

Acute cholecystitis poses a more difficult than usual 
situation for the successful completion of LC, as docu- 
mented by the much higher rate of conversion to open 
cholecystectomy in this patient population. Successful 
completion of LC in this clinical setting is probably only 
done in a high percentage of cases by surgeons experienzed 
and skilled at the technique of the procedure. Laparo- 
scopic visualization of the gallbladder in patients with 
clinical signs of acute cholecystitis is probably always 
warranted, however, even in the hands of surgeons with 
modest but not expert skill in performing LC. This is 
based on at least one patient early in our experience who 
was arbitrarily denied an attempt at LC based on such a 
picture, only to find at open cholecystectomy that the 
degree of inflammation was so mild that LC probably 
would have succeeded. During a surgeon’s early experi- 
ence with LC, the laparoscopic observation of a very 
edematous, necrotic, or severely inflamed gallbladder with 
significant surrounding adhesions probably should te a 
signal to convert to an open procedure at the first sign of 
operative difficulty in attempting LC. 

The list of absolute contraindications to attempting LC 
clearly diminished with increasing experience with the 
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procedure, making LC applicable to nearly all patients 
with symptomatic cholelithiasis. At present we exclude 
those patients who require concomitant upper abdominal 
operations and those unable to tolerate general anesthesia. 
The latter condition could presumably also be overcome 
in selected cases with the use of an adequate level of epi- 
dural anesthesia. 

These data reflect the fact that most patients require a 
minimal hospital stay after LC. Only those patients with 
severe concurrent medical problems seemed to require 
additional recovery time. Although it cannot be proved 
by these data, 1t is possible that these patients would have 
required an even longer postoperative hospital convales- 
cence if they had been treated with open cholecystectomy. 
Therefore, for the uncomplicated patient, the data justify 
concluding that a very short postoperative stay is expected, 
and patients can be so counseled. Two of our patients 
have been discharged the day of surgery and the percentage 
of such same-day discharges is higher in other reported 
series." Evolution to the use of LC as an ambulatory sur- 
gical procedure for the selected low-risk patient is not un- 
likely based on this initial experience. 

Laparoscopic cholecystectomy offers all the efficacy and 
safety of traditional cholecystectomy without many of the 
undesirable aspects of surgery in terms of pain and con- 
valescence. As such clearly it should limit the recent trend 
in the last decade of the use of nondefinitive nonsurgical 
means of treating gallstones. Experimental procedures, 
such as the use of methyl tert-butyl ether,’? which require 
a hospitalization period of several days, risk of morbidity, 
which is not less than that reported for LC, and a non- 
definitive result with the significant possibility of gallstone 
recurrence certainly appear no longer justified. The success 
of LC also must raise the question of the cost-effectiveness 
of the increasing trend of using oral bile salts as an initial 
treatment for symptomatic cholelithiasis. 

Due to its ability to lessen markedly the undesirable 
aspects of surgery, LC has become, in our geographic area, 
the clear choice of informed patients. Most patients seen 
in the clinic for evaluation for elective treatment of cho- 
lelithiasis have come due to previous knowledge of the 
availability of LC. As the medical community and the 
public become more informed about LC, the demand for 
it probably will increase. 

Laparoscopic cholecystectomy marks, in many in- 
stances, the introduction by the general surgeon in practice 
of the routine use of an endoscopic technique. Once fa- 
miliarity with LC is mastered, it is predictable that the 
general surgeon will use laparoscopic techniques and a 
‘minimal access” approach to the advantage of his patients 
in other areas where they clearly can be applied. The evo- 
lution of minimal access surgery is probable in the years 
ahead. 
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Based on the data presented, we conclude that lapa- 
roscopic cholecystectomy is a safe surgical means of re- 
moving the gallbladder with resulting significantly de- 
creased length of postoperative hospitalization, require- 
ments for pain medication, and postoperative length of 
convalescence when compared to open cholecystectomy. 
As such laparoscopic cholecystectomy is the treatment of 
choice for symptomatic cholelithiasis. 
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DISCUSSIONS 


Dr. JAMES THOMPSON (Galveston, Texas): We need all to recognize 
that we are facing a watershed. I do not know how many chairmen, 
when first hearing about laparoscopic cholecystectomy, came to the im- 
mediate and absolutely wrong conclusion as vocally as I did. 

This is an opportunity to say mea culpa. Fortunately we have in our 
department a fairly advanced state of what I would call loyal anarchy. 
And Sally Abston and Bill Nealon, among others, convinced me that I 
was absolutely wrong. And I think we need to think about this for nearly 
everything we do. 

I was certain that this would not work. I do not know that we are 
going to be able to fix an aortic valve through a thoracoscope, but | 
would bet that we will be able to do many things that we never thought 
would be possible, and I suspect that our patients will greatly benefit 
from application of these techniques. 

I would like to join others in saying that we ought to forget about the 
laser. That is some kind of gimmick; the cautery works just splendidly. 

I had some sort of tribal suspicion that there was extortion going on 
with these disposable apparati, and I am glad to hear that vocalized here 
because I think that is another great waste of money. 

It will be very important for us to see that surgeons who do this pro- 
cedure are trained. Never in my experience has anything so burst on the 
firmament as this operation. If this had originated in an academic in- 
stitution, this series of papers would not have been given for 3 years. I 
will just tell you that because we would have been worried about how 
things had——-but the fellows who got into the work were enthusiasts. 
Their motives were to get things done quickly, and they did, and they 
dragged academicians into it kicking and screaming. 

I] would like to know, Dr. Meyers, who, in April 1990, had accumulated 
400 of these, because I would have to tip my hat to him. 

Finally in the development of any new idea there is apt to be an 
inevitable swing. I mentioned this in passing last year when we were 
talking about bacterial translocation. And I will tell you, in that situation, 
we were at least approaching panic. 

And that is exactly where we are, I think, with lithotripsy. I suspect, 
as Others have said, that now laparoscopic cholecystectomy is here to 
stay. But I think that anytime any new idea reaches such a pinnacle of 
enthusiasm, we must realize that it will eventually find its place with a 
few swings of the pendulum. 

Regarding the matter of common bile duct stones, to say that a patient 
does not have a stone, that almost requires an autopsy. It is really very 
difficult to say a patient does not have a stone. You could make a very 
good case for requiring, in the training, that everyone learn routinely to 
do laparoscopic cholangiogram. 
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DR. J. KENNETH JACOBS (Nashville, Tennessee): At St. Thomas Hos- 
pital in Nashville, we have performed 381 laparoscopic cholecystectomies 
since we began our program in January 1990. These have been carried 
out while training 10 attending surgeons and 12 residents to perform 
the procedures. 

Most of the points that I wished to make about the procedure have 
been covered by other discussants. I would only like to add our thoughts 
about cholangiography. 

Cholangiography has been attempted in 301 of these patients and was 
successful in 262 of them, or 87%. We think cholangiography should be 
performed wherever possible, not only to determine the presence or ab- 
sence of common duct stones but also to confirm the ductile anatomy 
as viewed on the monitor. 

Experience gathered from doing easy cholangiograms becomes in- 
valuable in patients with acute cholecystitis, where the ductile anatomy 
is often obscured. 
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DR. BRUCE SCHIRMER (Closing discussion): Dr. Voyles we do not 
routinely use the disposable trochars. We routinely use the nondispos_ble 
trochars for most of our cases. I can perhaps think of some instance in 
which the disposable trochars may be of some benefit. Patients ~ith 
infectious conditions may be one indication for using them. 

Another advantage the disposable trochars have is that it is simoler 
for the nursing personnel to clean and to change over instruments between 
cases if they do not have to worry about cleaning the nondisposable 
trochars. However, despite these factors, we have generally used the r on- 
disposable trochars. 

Dr. Adams asked whether cholangiography prevents common bile 
duct injury. In our series we had one common bile duct injury, and that 
was one of my own cases, so I can comment on that personally. do 
not believe that the cholangiogram in that case was a significant fa tor. 
The injury was caused by dissection using a pair of scissors behinc the 
cystic duct before the cystic duct was divided. And once the cystic duct 
was divided, we could see a small laceration in the side of the com-non 
bile duct. 

Another aspect to that injury was the fact that it was the first case we 
asked a visiting professor from outside to watch. Embarrassing morrents 
seem to occur with high frequency in such situations. Another factor, 
though, that does bear on the issue of cholangiography is that we aave 
had at least one case in our series in which the cystic duct came of the 
right hepatic duct. That was diagnosed by intraoperative cholangiogr.phy 
and perhaps prevented an injury to the biliary tree in that situation. We 
continue to advocate the use of intraoperative cholangiogram ir our 
practice. That is for several reasons. One is that we are constantly inve lved 
in teaching not only new faculty members but new residents as wel. We 
now have trained nine residents and several faculty members afte the 
first two of us started the procedures. With that increased numtcr of 
people, we felt, as other commentators have already noted, that the reed 
to learn intraoperative cholangiography under controlled conditicns is 
important because the time you need it is not the time to start leaming 
how to do it. 

Dr. Adams also asked if increasing experience and equipment imp rove 
the incidence of intraoperative cholangiography. The Olsen cholaagio- 
catheter clamp has helped us with our success rate of doing intraope=tive 
cholangiography, so from that aspect, yes, improved equipment does 
improve the success rate. Increasing experience probably was an impor- 
tant factor, but, again, our data do not corroborate that because vz are 
constantly in a teaching mode. 

I would agree with Dr. Wilson’s comments that surgery will Fe re- 
markably changed by the addition of video surgery to our armamentarium 


_ of techniques, and that will certainly bear an important influence n the 


future. 

There is evidence that, as Dr. Cushieri first coined it, “minimal access” 
surgery will be the trend of surgery in the next 20 years. There vall be 
more and more procedures that are amenable to minimal access ap- 
proaches or laparoscopic approaches. 

I disagree with Dr. Chavez’s comments about the similarity of recovery 
from mini-cholecystectomy compared to laparoscopic cholecystec omy. 
In our experience there is a significant difference in the ability of pacients 
to return to work, and there is a significant difference in their postoperative 
narcotic requirements and their level of pain. There may not be with 
changing attitudes, as much of a difference in discharge from the ho-pital, 
but certainly we do think there is a difference in the absolute recovery 
of the patients. 

I'd like to close by thanking Dr. Thompson for his commens and 
concurring with the fact that we do need to analyze and determzne to 
which areas laparoscopic surgery can be applied in the future. There are 
certainly many procedures that we are doing that are amenable-to its 
application, and as the technique becomes more familiar to manyzifted 
and talented general surgeons across the country, we will see the evc ution 
of including this technique in more and more operations. 
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The University of Massachusetts Medical School, Department 
of Surgery is seeking two Board Certified/Board Eligible general 
surgeons at the junior faculty level for the Division of General 
Surgery. This is a unique opportunity to combine an academic career 
in a dynamic and growing University Department of Surgery with 
a busy clinical general surgery practice at an affiliated regional 
hospital. The successful candidates will provide on site surgical 
coverage for two neighboring community hospitals, liaison between 
these hospitals and the surgical sub-specialists at the University, and 
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BC/BE General Surgeon—The Methodist Hospital, a major 
affiliate of S.U.N.Y. Downstate is seeking full time faculty members. 
Surgical subspeciality and/or research experience is desirable, but 
not essential. Excellent salary and benefits. Private practice available. 
Send C.V. to: Stanley Giannelli, M.D., Director of Surgery, 
Methodist Hospital, 506 Sixth Street, Brooklyn, NY 11215. 


PENNSYLVANIA—General/ Vascular Surgeon sought for regional 
referral center north of Pittsburgh. State-of-the-art medical facilities. 
Community offers excellent environment for family life with easy 
access to major cultural and sporting events. Respond to: Janet 
Clayton, AM Care Physician Search, Department J, RO. Box 
2816, Durham, NC 27715. 800-477-0600. 


The Department of Surgery at the University of California, 
Davis seeks a full-time academic vascular surgeon. The level of 
appointment will be commensurate with qualifications. Applicants 
must be either Board Eligible or Board Certified in General Surgery 
with expertise in teaching, research and vascular surgery. A letter 
outlining research and teaching background, a curriculum vitae and 
bibliography, along with the names of 3 references should be 
forwarded to: E William Blaisdell, M.D., Professor and Chair- 
man, Department of Surgery, University of California, Davis, 
4301 X Street, Sacramento, CA 95817. Applications will not be 
accepted after August 1, 1991. The University of California is an 
Affirmative Action/Equal Opportunity Employer. 


CHAIRMAN, DEPARTMENT OF SURGERY The Hospital of 
Saint Raphael, a 492-bed community hospital affiliated with the 
Yale University School.of Medicine, is inviting inquiries regarding 
the position of Chairman, Department of Surgery. Candidates must 
have board certification, clinical expertise, teaching, and academic 
experience to assume responsibility for surgery residency program, 
and administrative skills necessary to organize and direct a cohesive 
Department of Surgery and plan for its future development. Yale 
faculty position commensurate with background and professional 
standing. Financial remuneration and fringe benefits competitive. 
Forward a curriculum vitae to: Dr. Jack Westcott, Chairman, 
Surgery Search Committee, Hospital of Saint Raphael, 1450 
Chapel Street, New Haven, CT 06511. The Hospital of Saint 
Raphael is an equal opportunity employer. 


BC/BE General Surgeon to join 2 other surgeons in a 23 member 
primary care practice in Central Minnesota. 400 bed regional 
hospital for hospitalization and backup of specialists in all areas. 
Excellent professional environment with competitive salary and 
fringe benefit package. St. Cloud is the hub of Minnesota and 
provides many recreational and educational opportunities to the 
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Shapiro, M.D., St. Cloud Medical Group, 1301 West St. 
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251-8181. 


GENERAL SURGEON, BC/BE with interest and ability in 
dialysis access to join busy solo practice in Central Florida. Send 
reply to Box ANN6C, J.B. Lippincott Company, East Washing- 
ton Square, Philadelphia, PA 19105. 


MAINE COAST—Energetic general surgeon for small, modern, 
acute care hospital and part-time at nearby hospital. Continue 
growth of surgical service. Solid referral base, excellent anesthesiol- 
ogy: Lovely sailing community. Competitive compensation program. 
Send C.V. to New England Health Search, 63 Forest Avenue, 
Orono, Maine 04473. Call 207-866-5680. 
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medical center in metropolitan Chesapeake Bay community. . 


Respond to: Janet Clayton, AM Care Physician Search, Depart- 
ment J, P.O. Box 2816, Durham, NC 27715. 800-477-0600. 


Greeley Medical Clinic PC. is looking for BE/BC General Surgeon 
to join a 40 M.D. multi-speciality group in the practice of General 
Surgery. An interest in burns-trauma, oncology, vascular, or other 
sub-specialty would be an asset. You would join a three man 
department. Greeley is a city on the Eastern slope of the Rockies with 
a moderate climate, excellent hospital, good schools, no smog, and 
a fine university. C.V.s invited. Send to Chairman, Department of 
Surgery, Greeley Medical Clinic, 1900 16th St., Greeley, Colo- 
rado 80631 (303) 353-1551, Fax (303) 350-2478. 


OHIO—Two BC/BE General Surgeons with Vascular capabilities 
to join expanding hospital in Central Ohio. Easy access to metro area 
in rapidly growing region of the state. Enjoy a state-of-the-art 
professional setting with growing primary care network and limited 
competition. Full range of assistance available to establish practice. 
Please send reply to Box ANN6B, J.B. Lippincott Co., E. 
Washington Square, Philadelphia, PA 19105. 


GENERAL SURGEONS—Prepaid group practice desires to 
increase general surgery staff. Looking for general surgeons interested 
in a busy, growing department. Vascular surgery training and interest 
preferred. Physicians must be from high quality residency programs. 
Positions available immediately. Presently three surgeons on staff 
with membership of approximately 55,000. C.V.’s to: Eric Corn- 
well, M.D., Chief of Surgery, Kaiser Permanente Medical 
Group, Inc., 1305 Tommydon St., Stockton, CA 95210. (209) 
476-3229. 


INDIANA—General and Vascular Surgeon (BC/BE). Busy and 
stable six (6) man department in 60 M.D. multi-specialty group, 
minutes from Chicago, looking to ADD and SHARE responsibil- 
ities with well-trained general and vascular surgeon. Captive on-site 
referral base from more than 35 primary care associates. Excellent 
diagnostics and support from well equipped Radiology depart- 
ment—from routine to total CT scan, Complete lab and out-patient 
Surgery Center on site. Partnership in one year—No buy in. With 
existing incentive formula could be one of the highest earners in 
group. Excellent career opportunity for group oriented M.D. Most 
liberal vacation/PG allowance. Malpractice and fringes Clinic paid. 
Community, schools, and location ideal for family. Send resume to: 
T. R. Hofferth, Administrator, The Hammond Clinic, 7905 
Calumet Avenue, Munster, IN 46321, (219) 836-5800. 


WEST VIRGINIA—Choice of solo or hospital-based practice near 
Chaleston. Competitive financial guarantees. Facilities for leisure 
activities abound. Respond to: Janet Clayton, AM Care Physician 
Search, Department J, P.O. Box 2816, Durham, NC 27715. 809- 
477-0600. 





GENERAL SURGEON—Busy clinical and surgical practice seeks 
BC/BE general surgeon as third member of department. Located in 
the northwestern suburbs of Minneapolis, MN, offering suburban 
living with easy access to an unlimited array of family, cultural, 
educational and recreational opportunities. Members of our multi- 
specialty group earn a highly competitive salary and excellent 
benefits including paid vacation and CME; Pension and Profit 
Sharing plans; paid malpractice; health, life dental and disability 
benefits. For further information contact: W. Edwin Gould, M.D., 
13986 Maple Knoll Way, Maple Grove, MN 55369, (612) 420- 
5700. 


Vascular/General Surgeon with vascular fellowship to join five- 
man group with an extraordinarily busy and congenial practice 
located in eastern Indiana. 300-bed, modern hospital to support our 
general, thoracic and vascular practice. We are university trained, 
BC, active in ACS. Please send your CV to: Box ANNGA, J.B. 
Lippincott Company, East Washington Square, Philadelphia, PA 
19105. 


COASTAL SOUTHERN CALIFORNIA: Seeking full-time 
GENERAL/VASCULAR SURGEON to join fast growing multi- 
specialty group practice in north San Diego County. Generous 
compensation package: competitive salary, malpractice, medical/ 
dental/life/AD&D/disability; wonderful living environment. Please 
send CV to Physician Recruitment, The Mission Park Medical 
Clinic, 2201 Mission Avenue, Oceanside, CA 92054 or call 619/ 
967-4892. 


The Department of Surgery at the Medical University of South 
Carolina and the Charleston Veterans Administration Medical 
Center are seeking a board certified General Surgeon for the position 
of full-time Assistant Chief of Surgery at the Charleston VAMC. This 
individual would hold an academic rank of Associate/Assistant 
Professor of Surgery at MUSC and be responsible for the clinical 
surgery program at the Charleston VA. Interested individuals should 
contact: Fred A. Crawford, Jr., M.D., Professor and Chairman, 
Department of Surgery, Head, Division of Cardiothoracic 
Surgery, Medical University of South Carolina, 171 Ashley 
Avenue, Charleston, SC 29425-2270. The Medical University of 
South Carolina and The Charleston VAMC are affirmative action 
equal opportunity employers. Qualified women and minority 
candidates are urged to apply. 


CHIEF OF SECTION—HEAD & NECK SURGERY—The 
Fox Chase Cancer Center, a comprehensive NCI designated cancer 
center, has an assistant or associate professor level position available 
in the Head & Neck Section of our Surgical Oncology Dept. 
Responsibilities will include clinical patient care and clinical research 
and participation in the training of surgical fellows. This position will, 
include an academic appointment with Temple University School of 
Medicine. Interested candidates must be fellowship trained in head 
& neck cancer. Interested individuals please send curriculum vitae 
to: Burton L. Eisenberg, MD, FACS, Acting Chairman, Dept. of 
Surgical Oncology, FOX CHASE CANCER CENTER, 7701 
Burholme Avenue, Philadelphia, PA 19111. Equal Opportunity 
Employer. 


JACKSONVILLE, FLORIDA—Busy General Surgeon recruiting — 


BC/BE General Surgeon. Competitive financial package and early 
partnership opportunity. Challenging professional setting, excellent 
quality of life in a progressive, metropolitan area. Send CV to: 
Jennifer Recker-Jones, 11237 Windtree Drive East Jackson- 
ville, FL., 32257. 


NORTH CAROLINA—Established practice in popular metropol- 
itan location offers general/vascular surgery private practice with 
teaching and trauma involvement. Universities and area lakes among 
the many cultural and leisure offerings. Respond to: Janet Clayton, 
AM Care Physician Search, Department J, PO. Box 2816, 
Durham, NC 27715. 800-477-0600. 


GENERAL SURGEON—Progressive multi-specialty group 
located in one of the fastest growing Mid-South cities is seeking a 
BC/BE General Surgeon to join extremely busy surgical depart- 
ment. Excellent compensation and earnings potential with produc- 
tivity incentive and partnership after only one year. Work out of 
newly constructed, ultra-modern facility that is within 45 minutes 
of a major metropolitan area. Practice at two progressive hospitals 
with excellent facilities and equipment. Contact Danise Cooper at 
1-800-776-5776, or send C.V. to Cejka & Co., 1034 S. Brent- 
wood, Suite 1850, St. Louis, MO 63117, Attn: Danise Cooper. 


Thoracic/Vascular Surgeon needed to join prominent, active 3- 
man group in desirable suburban community in greater N.Y. 
metropolitan area. Excellent opportunity for well-trained, highly 
motivated individual. Major academic affiliation possible. Recent 
- graduate preferred. Please respond with C.V. Box ANN6D, J.B. 
Lippincott, East Washington Square, Philadelphia, PA 19105. 


NORTH CAROLINA-—Opportunity for General Surgeon in 
attractive, family-oriented community with thriving, diverse econ- 
omy. Close proximity to Greensboro. Affiliation with modern, well- 
equipped 150-bed hospital. Outstanding facilities for golf and water 
sports. Respond to: Janet Clayton, AM Care Physician Search, 
Department J, P.O. Box 2816, Durham, NC 27715. 800-477- 
0600. 





Fellowships 
Available 





RESEARCH FELLOWSHIP: Research Fellowship in thoracic 
oncology available for two to three years. Projects include the 
immunology and molecular biology of lung cancer and studies on 
molecular, mechanisms of lung cancer progression. Salary is 
supported by an NIH Training Grant. Applicants must be U.S. 
Citizens or permanent residents enrolled in a General or Thoracic 
Surgery Residency Program. Send curriculum vitae and three 
references to Dr. Jack A. Roth, Chairman, Department of 
Thoracic Surgery, Box 109, University of Texas M.D. Anderson 
Hospital Cancer Center, 1515 Holcombe Blvd., Houston, Texas 
77030. An Equal Opportunity/Affirmative Action Employer. 


Samuel and May Rudin 
Burn Fellowship 
New York Hospital - 
Cornell Medical Center 


The New York Hospital-Cornell Medical Cenier Burn 
Center is a modern burn treatment facility with 24 
intensive care beds and annual admissions of 1,000 12- 
patients and 3,000 out-patients. During the year’s exp2- 
rience, the Fellow will be responsible for the surgical 
critical care of all burned patients, for house officer 
education, and for participation in original and on-going 
clinical research protocols. An additional year in the 
laboratory may be elected by the Fellow. Candidates 
preferably should be Board eligible in General Surgery, but 
we will strongly consider academically oriented senior 
surgical residents from university programs incorporating 
the Fellowship as part of their training programs. Housing 
costs and supplemented. Salary and benefits competitive. 
Send inquiries to: 


Cleon W. Goodwin, M.D. 
New York Hospital-Cornell Medical Center 
525 East 68th Street 
Room L706 
New York, New York 10021 


Cornell University is an Equal Opportunity /Affirmatire . 
Action Employer. | 


SELECT 
BACK ISSUES 
AVAILABLE 


You can further your professional 
knowledge and increase the value of 
your library by ordering copies of 
select back issues of this journal. 


for further information write: 


J.B. LIPPINCOTT COMPANY 
Subscriber Service Dept. 


100 insurance Way 
Hagerstown, MD 21740 


301-714-2300 or 
TOLL FREE 800-638-3030 





SURGICAL ONCOLOGY 
FELLOWSHIP 
UNIVERSITY OF CHICAGO 


Recognized by the Society of Surgical Oncol- 
ogy and supported by the National Cancer 
Institute, this Fellowship is available July 1, 
1992. Candidates must be Board eligible in 
General Surgery or surgical subspecialties. 


Deadline for application: August 31, 1991. 
Call or write: 


Fabrizio Michelassi, M.D. 
Associate Professor of Surgery 
Director, Surgical Oncology Feliowship 
The University of Chicago Medical Center 
Department of Surgery 
Box 168 
5841 South Maryland Avenue 
Chicago, Illinois 60637 
(312) 702-6237 


THE PERMANENTE MEDICAL GROUP 
| NORTHERN CALIFORNIA 


The Permanente Medical Grou», the largest 
multispecialty group practice in the U.S., is 
undergoing explosive growth in its Northern 
California region: the San Francisco Bay Area, 
Sacramento and the Central Valley. Our rapid 
increase in membership has created practice 
opportunities throughout the region for 
additional BC/BE Surgeons. 


QUALITY 


STABILITY 


LEADERSHIP: OF physician-managed group is part of the 
comprehensive Kaiser Permanznte Medical Care 
Program. As a TPMG physician, you have access 
to the latest medical technology and resources, 


GROWTH the support of colleagues in all subspecialties — 
and the opportunity to provide excellent health 
care without the burdens of managing a practice. 

SUPPORT TPMG offers many benefits: scheduled time 

pepacn.., Off with cross-coverage provided by your col- 
«we! “ ee 
: F x% » oi leagues, malpractice insurance, a substantial 
R Bae nape D v retirement program and specie! arrangements for 
2 or ` ‘physicians transferring from established practice. 
Mea y, ' Please call or send CV to: The Permanente 
1, ee ¢ Medical Group, Inc., Richmond Prescott, M.D., 
KN ,.. Pee de i! Physician Recruitment Services, Dept. AS-7310, 


KAISER Renate - 1814 Franklin, 4th Floor, Oakland, CA 94612. 
aia (800)777-4912. EOE 


Massachusetts General Hospital 
CRITICAL CARE PHYSICIAN, 


The Department of Anesthesia at Massachusetts — 
General Hospital is seeking a physician interested in 
a combined adult critical care clinical/research posi- 
tion at the Assistant or Associate Professor level. 
Specialty Boards in critical care (anesthesia, medi- 
cine, or surgery) are desirable. Applicants should have | 
at least five years of clinical experience in adult 
medical/surgical critical care medicine. Prior research 
experience with well-defined research interests and 
goals are essential. Active participation in clinical and 
bench research, in combination with ICU fellows and 
faculty, will occupy approximately one-half of allotted 
time. 


Clinical responsibilities will include the direct supervi- 
sion and instruction of residents, fellows, and medical 
students in two active adult surgical intensive care 
units. Teaching activities include teaching rounds, 
lectures and informal bedside sessions. 


If interested, please submit a curriculum vitae to: 


Roger S. Wilson, M.D. 
Department of Anesthesia 
MASSACHUSETTS GENERAL HOSPITAL 
Fruit Street 
Boston, MA 02114 


The Massachusetts General Hospital 
is an equal opportunity/affirmative action employer. - 


Gundersen Clinic: 

Because where you practice 
_is as important as what you 

practice. 


GENERAL SURGEON 


Gundersen Clinic, a 260-physician multi-specialty group, 
is seeking a BC/BE General Surgeon with interest in coor- 
dinating resident teaching in the ICU. Critical care boards or 
eligibility and involvement in the residency program are 
essential. Our nine-member department offers a full range 
of general and vascular surgery, surgical nutrition and 
trauma. An interest in research and academics is desirable. 


Gundersen Clinic provides multi-specialty and primary 
care to nearly 70,000 families through over 702,000 
patient visits each year. Enjoy recreational amenities, good 
schools and a strong sense of community commitment. We 
offer competitive salaries and benefits and an excellent 
- pension program. Join the Gundersen Clinic tradition as 
we celebrate our 100th Anniversary. Please call Tim 
Skinner, M.S.Ed., Manager, Physician Recruitment, COL- 
LECT at 1-608-782-7300, ext. 6673. Or send your CV to: 
Philip J. Dahlberg, M.D., Chairman, Personnel Committee. 


1891-19 9 3 


~~ — Gundersen Clinic, Ltd. 
1836 South Avenue 
Dept. HH-6 
( La Crosse, Wisconsin 54601 
—_— | 


Gundersen Clinic, Ltd. An Equal Opportunity Employer 
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GENERAL SURGEON 


BC/BE General Surgeon with strong train- 
ing in vascular surgery wanted to join a busy, 
well established group of eight. Physician will 
join large multispecialty group of 260. 


Physicians practice in 400 bed tertiary and 


trauma hospital adjacent to main clinic. 
Metropolitan community of 130,000 in the 
upper midwest with two universities and a 
private liberal arts college with an attractive 
lifestyle. Affiliation with medical school and 
surgery residency program available. 


Please respond with full curriculum vitae to: 


Robert C. Montgomery, M.D. 
737 Broadway 
Fargo, ND 58123 


Trauma/Surgical Critical Care 
Fellowship 
WASHINGTON HOSPITAL CENTER 


871 bed tertiary care facility in Washington, 
D.C. 


ACS Level | Trauma Center 


Annual Trauma Admissions: 2500 (35% 
penetrating) 


51 Surgical ICU beds 


Military and civilian residents and fellows 


Research facilities: 
Uniformed Services University of Health 
Sciences (Basic Science} | 
Research Center (Basic & Clinical Science) 


Pediatric critical care/trauma rotations 
available. 


Interested applicants should apply to: 


Grace S. Rozycki, M.D. 
Deputy Director of Trauma Service 
Director, Trauma Fellowship Program 
Washington Hospital Center 
110 Irving St., N.W., 4B-46 
Washington, D.C. 20010 








Specialty Review in General Surgery, Part I, August 19 — 30, 1991 
Covers virtually every area of surgical practice concisely yet compre- 
hensively. The program includes basic sciences applicable to clinical 
surgery as well as pathophysiology relevant to both common and 

unusual problems. Approximately 89 AMA Category 1 Credit Hours. 


Specialty Review in General Surgery, Part II, September 16 — 23, 1991 
A thorough review of modern surgical practice. Taking a practical, 
‘clinical approach, supplemented by a thorough review of surgical 
anatomy, the course is useful as a supplement to personal study for 
those who have recently completed their training or as an update for 
more experienced surgeons. Approximately 78 AMA Category 1 


Credit Hours. 


CME of Distinction 

For More Than Pia 
fy 

For further information Z A a 

call toll- eb spring? T 


1-800- CZS 


or write to us Sat?) JHR 
707 South Wood” reet 
Chicago, IL 60612 
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CHANGE OF 
ADDRESS? 





SUBSCRIPTION 
INQUIRIES? 


To notify us that 
your address has 
changed, or to make 
subscription inquiries, 
subscribers should call 
= tollfree 

1-800-638-3030 ... 


For speedy service, 
refer to the number 
appearing above your 
name on your 

address label. . 


J.B. Lippincott Company 
Subscriber Service Dept. 
P.O. Box 1590 
Hagerstown, Maryland: 

21741 n 
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